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To HIS GRACE 


N 


Duke of CHANDOSYS. 


May it pleaſe your Grace, 
I V3 Mons all the Mathematical Sciences, 


5 hich have been continually impro- 

ved, and are daily improving in the 
| . orld, the firſt Place has, as it were, 
by general Conſent, been always given to Aſtro- 
nomy. And ſuch has been either the good 
Fortune of the Science, or the Virtue of Man- 
kind, that the greateſt and moſt eminent Per- 
ens in all Ages and Nations, have been Pa- 


trons and Encouragers of this Study above all 
others, 
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M AY it pleaſe your Grace, therefore, to take 
this Book into your Protection, ſince whatever 
may be wanting, either in the Wark or the Au- 
thor, to recommend it to your Favour, will 
abundantly be ſupplied by the Dignity of the 
Subject. 


— — — —ͤ—— — 


For fo whom can I ſo properly ſend a Trea- + 
3 Tiiſe of the Stars and heavenly Motions, as to 
| 2 faithful and zealous Servant of that hea- 
| venly King, who knoweth the Number of the 
Stars, and calleth them by their Names? So re- 
markable is your Grace's Zeal for the Service 
and Honour of God, that you took particular 
Care to adorn os Houſe, h fore you would lay © 
' the Foundation of your own. Nor did your ; 
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Care extend only to the Ornaments of the Tem: 
ple, but likewiſe, and more eſpecially, to the | 


Decency of the Worſhip : You call d Muſick in FM 
| to excite Devotion; Muſick being the Delight | © 
and Employment of 1 the heavenly Choir. | © 

1 7 

| You, my Lorp, are the publick and ſtanl. 1 
g ing Mark of all Mens Admiration, the beau = 
tiful Pattern which all defire to imitate, tho k #7 
| few can hope to equal, In publick Afai rs, 00 
what Stateſman more able? In domeſtical Ma- = 

| | nagement, what private Man more expert 2 1 
| In the conſtant ſtating and exact keeping of  # 


Accompts, nobody more ans nobody more 


frugal : 
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DEDICATION, 


frugal: In Expences, nobody more liberal : 
In Largeſſes, nobody ſo magnificent. 


So great is your Affection to Learning 
and the Learned, that while you make your- 
el Maſter of every Art, you give Matter 
and Encouragement to every Artiſt, To the 
particular Science which is the Subject of this 
Book, your Grace is ſo eminent, ſo beneficent 
a Patron, that in the ſtately and beautiful 
Structure of Cannons, Aftronomers will find 
every Thing for the Improvement of their 
Knowledge ; Inſtruments worthy of the Science, 
and an Obſervatory worthy of its Lord. 


THE Book I now preſent is a Tranſlation 
5 thoſe Aſtronomical Lectures, which were 
onoured with your Grace's Name at their firſt 
Publication, in the Language they were read 
in at the Uni verſity of Oxford. The Verfion 
was made at the Requeſt, and for the Service 
of, the fair Sex, and particularly for the Ser- 
vice of the great Ornament of her Sex, the 
Ducheſs of Chandos. It is 0 Flattery to 
the Ladies, to fay, that ſuch of them as delight 
in Arts and Sciences, as to Quickneſs of Per- 
ception, and Delicacy of Taſte, are equal, if 
not ſuperior, to Men; and it is no Afﬀront to 
the moſt refined of either Sex, to ſay, there 1s 
not a finer Genius than my Lady Ducheſs. 
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14 | N | 
XxX May every Star in Heaven ſhed its kind. 
J eft Influence on both your Heads, And ma 
1 you long continue to enjoy that Affluence, whi 11 
J like the Rays of the Sun, ſcatters Li ght and 
| | Warmth to all round you, 
1 THis, my LoRD, 7s a general Wiſh, becauſe 
| it is for the general Good of Mankind, parti: 
| cularly of him who is, with the deepeſt Senſe of 
1 Gratitude, f 
| | Your Grace's . 
| Moft faithful and 
. Met humble Servant, | 
| | 
1 JohN KEILI. 
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Mord all the Gifts and Benefits the 
SJ moſt bountiful God has moſt plenti- 
AL 8 fully beſtowed on Mankind, thoſe are 
in the firſt Place valuable, which con- 
ſiſt in the Improvements of the Mind 
by Arts and Sciences. And as among the Sciences, 
there are none which Aſtronomy comes behind 
upon the Account of its Antiquity, and the Plea- 
ſure that attends the Study of it; ſo it will yield 
to none of them on the Account of its Uſefulneſs, 
and the Advantages it affords to human Life. 
By it we diſcover the wonderful Harmony of 
ature, wherewith the Frame and Structure of 
all created Beings are link'd and knit together, 
to conſtitute the great Machine of the Univerſe. 
OY teaches us to obſerve and diſcover the 
otions of the heavenly Bodies, and it weighs 
and conſiders the Vigour and Force by which they 
Circulate in their Orbs. It is a Science, which the 
greateſt Heroes, from the Beginning of the World, 
have taken Pleaſure to ſtudy and improve ; ſo that 
it was always eſteemed as a Science fit for Kings 
and Emperors to employ themſelves in. Ort whic 
Account, the Chaldean Wiſe-men and Philoſophers 
were always reverenced and favoured by the an- 
tient Kings, who thought it abſurd that any ſhould 
govern the World, who knew not what the World 
Was. 

THE Excellency of this Science appears from 
this, that there is no Knowledge which is attain'd 
by the Light of Nature, that gives us truer and 
juſter Notions of the Supreme and Almizhty God 
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the Maker of both Heaven and Earth, than it does. 


None furniſhes us with ſtronger Arguments by 
which his Exiſtence is demonſtrated; nothing 
ſhews more his Power and Wiſdom, than the Con- 
templation of the Stars and their Motions. That 
Prophet as well as King, the Holy David, tells us, 
that The Heavens declare the Glory of God, and the 
Firmament ſheweth his Handy-Work. And again, 
The Heavens declare his Righteouſneſs, and all the 
People have ſeen his Glory. 

M AREUS Tullius Cicero, who was guided only 
by the Light of his own Reaſon, had the ſame Sen- 
timents. Nothing, ſays he, is more evident, nothing 


plainer, when awe look up to the Heavens, and contem- 
plate the Bodies there, than that there is a Deity of 


moſt excellent Wiſdom who' governs them, What 1s 
there that more raviſhes the Mind of Man into an 
Admiration, Reverence and Love of God, than ſo 
many and ſo great Bodies endowed with heavenly 
Light, moſt beautiful to the Eye, and when- con- 
templated, moſt delightful to the Underſtanding ? 


Their mutual Intercourſes, moſt regular Motions, 


their certain and determined Circulations, and their 
Returns and Periods ſettled by a divine Law, in an 
admirable Harmony, make manifeſt ro us the im- 
menſe Power, Wiſdom, and Providence of their 


Maker; which when we conſider, we muſt neceſ- 


farily acknowledge, reverence and celebrate the 
Author and Contriver of all theſe Things. 
BEsIDEs, Aſtronomy, with its fublime Specu- 
lations about ſo many and ſo large Bodies, and 
at ſuch immenſe Diſtances, does wonderfully pleaſe 
and recreate the Mind. | 
_ ASTRONOMY, for the Certainty and Evidence 
of its Demonſtrations, is not inferior to Geometry; 
its Uſefulneſs is manifold, and the Amplitude of 
its Subject is fo large, that it comprehends nothing 
leſs than the World itſelf. For as, among all the 


liberal Sciences, there are none that contemplate 


Objects more in Number, greater in Quantity, or 
at longer Diſtances from us, than Aſtronomy ; ſo like- 
wiſe there are none in which there ſtill remain 

fewer 
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fewer Difficulties to be explained, Objections to 


be anſwered, or Scruples to be removed, than there 


are in Aſtronomy ; and no Science has yet attained 


ſo great a Degree of Perfection as it has. : 

IN moſt of the other Arts there are ſeveral inex- 
tricable Labyrinths ; many ſtrange Objections are 
raiſed, and unanſwerable r which do ſo 
confound the Mind, that like thick Clouds, they 
ſtop all further Proſpect and Diſcovery. But the 
Motions of the heavenly Bodies are now certainly 
known, and their Cauſes demonſtrated, and the 
Reaſon of all the Phænomena of the Heavens are 
exactly underſtood. 

THe ſmalleſt Stars we can ſee, tho? they be at 
an unmeaſurable Diſtance from us, yet have their 
Longitudes and Latitudes exactly determined, their 

roper Places ſettled, and are all reduced into Cata- 
ogues; tho? at the ſame time the Science of Geo- 
graphy, or a Deſcription of our own Habitation, is 
ſo imperfect, that we have an exact Determina- 
tion of the Longitudes and Latitudes of but a very 
few Places; there ſtill remaining many Unknown 
Lands and Countries, that have not as yet been diſ- 
covered: And there are now great and far extend- 
ed Continents, of which we ſcarcely know any thin 
beſides their Coaſts and Shores. And what is ſti 
more ſtrange, in our little Provinces and Counties 
which we daily travel over, there are many Towns 
and Cities whoſe Poſitions are ſtill uncertain; as 
is plain from the many Geographical Maps of them, 
which contradict each other, 

Tarr Aſtronomers foretel, for many Ages to come, 
the Eclipſes of both Sun and Moon, their —_— 
ties and Durations; the Conjunctions, Oppo- 
ſitions and mutual Aſpects of the Planets, and what 
will be the Diſtances of all the Stars from the Pole 
at any Time: Whereas there is no Man ſo well 
skilled in Meteorology, as can certainly foretel what 
will be the State and Condition of our Atmoſphere 
for the very next Day, and yet it reaches but a 
few Miles from us: We are unable to judge whe- 
ther we ſhall have fair Weather or foul, calm or 

ſtormy, 
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ſtormy, or even ſo much as to foreſee from- what 
Point the Wind will blow. And this is no Won- 
der, ſince the Cauſes from whence thoſe Effects 
ariſe are unſearchable. 

No Philoſopher has ever yet diſcovered the Fi- 

res of the ſmall Parts of Matter, or the Texture, 
nteryals, Form and Compoſition of the Parts of 
the moſt common Plant. Nor has any Phyſician 
yet found out the Reaſon of the Virtues and Ope- 
rations, by which their Medicines affect human 
dies. And even in all animated and vegetable Bo- 
dies, the Fountain and firſt Principle of Life and 
Action is unſearchable, and looks like a Myſtery 
much beyond the Reach of our Underſtanding, 
which Knowledge perhaps, in this Life, is never 
to be attained. But Aſtronomers in their proper 
Science meet with no ſuch Difficulties ; they con- 
template not the Natures, but the Mations of the 
celeſtial Badies, and they clearly account for the 
Phænomena or Appearances that ariſe from thence : 


. They not only determine what ſort of Motion the 


Planets have, and in how large a Compaſs they 
circulate; but they likewiſe ſhew us the crooked 
Tracts in the immenſe Regions of Space which the 
wandering Comets take: They can give us the Geo- 
metrical Properties of their Orbits, and the Laws 
which they obſerve in deſcribing them. The Aſtro- 
nomers are not ignorant, where or when the Planets 
are at their fartheſt Diſtance from the Sun, and 
participate the leaſt of his Heat and Light; from 
whence they return, and are conſtantly quickened in 
their Motions by the Sun, who draws them towards 
himſelf, till they come to thoſe Parts of Space, 
where they make their neareſt Approach to him, 
enjoy moſt of his Heat and Light, and are actuated 

by the greateſt Force of their own Gravity. | 
Most of the Diſcoveries we have related, were 
known to the Aſtronomers of former Ages. But our 
Times, and this our Country of Britain, have had 
the Happineſs to produce a Genius of a divine Na- 
ture, and extraordinary Qualities; I mean the great 
dir ISAAC NEWTON, who, beſides his _ 
merable 
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merable other wonderful Inventions, has diſcover- 


ed the Fountain and Spring of all the celeſtial Mo- 
tions, and the great Law, which is univerſally dif- 
fuſed through the whole Syſtem of Nature, which 
the Almighty and Wiſe Creator has commanded all 

ies to obſerve, viz. That every Particle of 
Matter attracts each other in a reciprocal duplicate 
Proportion of its Diſtance. 

THis Law i, as it were, the Cement of Na- 
ture, and the Principle of Union, by which all 
Things remain in their proper State and Order ; it 
detains not only the Planets, but the Comets with- 
in their due Bounds, and hinders them from making 
Excurſions into the immenſe Regions of Space ; 
which they would do, if they were only actuated 
by a Motion once implanted in them, which na- 
turally they would always preſerve, according to 
the principal Law of Motion. 

WE are obliged to the ſame Gentleman for the 
Diſcovery of the Law that regulates all the hea- 
venly Motions, ſets Bounds to the Planets Orbs, 
determines their greateſt Excurſions from the Sun, 
and their neareſt Approaches to him. To this ſub- 
lime Genius we owe, that now we know the Cauſe 
why ſuch a conſtant and regular Proportion is ob- 
ſerved, by both primary and ſecondary Planets, in 
their Circulations round their central Bodies, in 
comparing their Diſtances with their Periods; and 
why all the celeſtial Motions are ſtill continued in 
ſuch a wonderful Regularity, Harmony and Or- 
der. The fame incomparable Perſon, having a 
complete Knowledge of the Laws of Nature and 
Motion, has from them furniſhed us with a new 
Theory of the Moon, which accurately anſwers all 
her Inequalities, and accounts for them by the 
Laws of Gravity and Mechaniſm ; ſo that now the 
Moon's Place, computed by the Rules of this new 
Theory, does not ſenſibly differ at any Time from 
what it is obſerved to obtain in the Heavens, which 
does exceed the Hopes and Expectations of our 
Aſtronomers; ſo that we have now a Proſpect of 
improving our Navigation, by finding from Ob- 
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fervations of the Moon, the Longitude of a Shi 
at Sea: A Problem of great Uſe, whoſe Solution is 
much to be deſired, and for which there are very 
am - Rewards allowed. | 
HERE is nothing that does more ſhew the 
Force and Penetration of human Underſtanding, 
than theſe great and wonderful Difcoveries. There 
is no more certain Way of comprehending the pro- 
digious Bulk of the whole mundane Fabrick, or 
the amazing Beauty of ſo divine a Structure, and 
the infinite Wiſdom of its divine Contriver, 


than by conſidering theſe Laws which are latel 


diſcovered. From them we learn to have a mo 

noble and magnificent Notion of the whole Syſtem 
of Nature. ow we are aſſured, that this Earth 
we inhabit, is but a ſmall and inconſiderable Part 
of a glorious Fabrick ; ſince there are almoſt in- 
finite Worlds, created by a Supreme and an Al- 
mighty Being, which are prodigiouſly larger than 
ours, in the diſpoſing and governing of which, the 
ſame Being exerciſes his infinite Power and Wiſ- 
dom. It is he who ſpoke the Word, and the Heavens 
were Made. He commanded, and they were created. 


He hath made them faſt for ever and ever. He hath 


given them a Law which ſhall not be broken. 
ASTRONOMY is not only uſeful, as it improves 
the Mind, and by its moſt delightful Speculations, 
increaſes the Force and Penetration of the Under- 
ſtanding : But it is likewiſe a conſiderable Help 
to the perfecting of other Arts and Sciences. Ih 
how great Darkneſs would the Geographers, the 
Chronologiſts wander, were they not aſſiſted with 
Light from Aſtrozomy ? To it is owing, that we 
know the Figure and Magnitude of the Earth, and 
find out the Situations and Diſtances of Places. 
We learn from it the true Meaſure of the Year, 
and can give an Account of Actions, according to 
the true Order of the Times in which they hap- 
n'd. Hence is evident, how uſeful Aſtronomy 


is to human Affairs; for without it, we could have 


no Geography nor Chronology, and conſequently no 
certain Account of Hiſtory, in 
UT 
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Bur among all the Arts and Sciences, there is 
none that has received greater Improvements from 
apr gs than Navigation has done; for by our 
Knowledge in it, we can carry our Ships through 
the vaſt Ocean in a right Courſe, though there is 
no Tract to be ſeen, and viſit the utmoſt Regions 
of the Earth. Hence ariſe the Advantages of 
Trade and Commerce; fo that whatever Things 


other Countries afford, that are either precious or 


delightful, we receive and enjoy without the In- 
conveniences of intemperate Heats or Colds, to 
which thoſe Countries are liable. It is owing to 
our Skill in Navigation, that our Britiſh Monarchs 
have obtained the Sovereignty of the Seas: So that 
there is no Nation, at what Diſtance ſoever, but 
what are kept from doing Injuries to our Country- 
men, by the Terrors of a Britiſh Fleet. 

As the Art of Sailing does, in a great meaſure, 
depend on the Knowledge of the Stars; ſo the im- 
petuous and ambitious Deſires of Kings and Prin- 
ces, to diſcover unknown and foreign Countries, 
inclined them to cultivate Aſtronomy. The firſt and 
chief of all the Sailors was Neptune, who, upon 
the Account of his Skill in this Art, was celebra- 
ted as God of the Ocean. His Son Belus, bein 
an Aſtronomer, by his Knowledge therein, ne 
the Inhabitants of Libya into Aſia, where he inſti- 
tuted Colleges of Aſtronomers; for Diodorus, in the 
firſt Book of his Hiſtories writes thus: Ir is report- 
ed, ſays he, that the Egyptian Belus, the Son of 
Neptune and Libya, brought a Colony to Babylon ; 
os there he inſtituted Prieſts, whom the Babylo- 
nians call Chaldeans ; who, after the manner of the 
Egyptians, were to obſerve the Stars. Before his 
Time, there was Atlas King of Mauritania, a great 


Aſtronomer, who firſt ſhewed us the Doctrine of the 


Sphere. And therefore Virgil introduces Topas ſing- 
ing, what Atlas had taught Mankind, 


Docuit que maximus Atlas, 
Hic canit errantem Lunam, Soliſque labores. 


So Uranus, King of the Country ſituated on the 
| | Shore 
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Shore of the Atlantick Ocean, for his Skill in Aſtro- 
nomy, is ſaid to have been deſcended from the 
Gods. Zoroaſter a Perſian Philoſopher, is celebrated 
by all 3 as a skilful Aſtronomer. And the 

onour and Dignity of this Science was had in fo 
great a Reputation, as to be called the Royal Sci- 
ente, being that Kings were moſt delighted by it 
above all others. For the Kings of 22 and Sy- 
ria firſt invented and improved it, and that long 
before it was known in Greece. This Plato ac- 
knowledges in his Dialogue, which he calls Epino- 
mis, The firſt ſays he, who obſerved theſe Things, 
was a Barbarian, who lived in an antient Country, 
where, upon the Account of the Clearneſs of the Sum- 
mer Seaſon, they could firſt diſcover them, ſuch as 
Egypt and Syria, where the Stars are clearly ſeen, 
there being neither Rains nor Clouds to hinder their 
Proſpect. And becauſe we are more remote from this 


Summer 5 of Weather than the Barbarians, we 
2 


tame later to the Knowledge of theſe Stars. So Lu- 
cian tells us, That the Ethiopians firſt too Notice of 
the heavenly Motions, and by finding the Cauſes of 
the Lunations, they knew that the Moon had no pro- 

er Light of its own, but borrow'd it from the Sun. 
e it is certain, that Aſtronom), from the ve- 
ry Beginning, was cultivated and improved by the 
Eaſtern Nations. For if we may believe Porphyry, 
when Alexander took Babylon, Calliſthenes, at the 
Deſire of Ariſtotle, carried from that City the Ob- 
ſervations of 1903 Years, which brings the Begin- 
ning of theſe Obſervations to 115 Years after the 
Flood, and 15 Years after the Building of Babel. 
Pliny in his Nat Hiſtory relates, that Epigenes 
affirmed, that the Babylonians had Obſervations of 
720 Years, all graven upon Bricks. And Achilles 
Tatius, in the Beginning of his Introduction to 
Aratus's Phenomena, informs us, < That the Egyp- 
cc tians were the firſt who meaſured the Heavens 
cc and the Earth; and their Science in this Matter 
« was engraven on Columns, and by that means 
cc delivered to Poſterity. Yer the Chaldeaus take the 
“ Honour of the Invention to themſelves, and 
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ec aſcribe it to Belas.” The Greeks had all their 
Aſtronomical Learning from Egypt: For Laertius 
owns, that Thales, Pythagoras, Eudoxus, and many 
others, went to that Country to be inſtructed in 
the Sidereal Science: Theſe Men were not on- 
ly the firſt, but the greateſt Philoſophers that 
Greece produced: And from the fame Author we 
know, that they who ſtaid longeſt in that Coun- 
try, were moſt famous for their Skill in Geometry 
and Aſtronomy, after they returned home: So Py- 
thagoras, who lived in Society with the Egyptian 
Prieſts ſeven Years, and was initiated into their 
Religion, carried Home from thence, beſides ſe- 
veral Geometrical Inventions, the true Syſtem of 
the Univerſe; and was the firſt thar taught in 
Greece, that the Earth and Planets turn'd round the 
Sun, which was immoveable in the Center ; and that 
the diurnal Motion of the Sun and fixed Stars was 
not real; but apparent, ariſing from the Motion of 
the Earth round its Axis. At that Time nobody 
was eſteem'd as a Philoſopher, but who was well ac- 
quainted with the mathematical Sciences. 

Burr theſe Sciences were ſoon neglected by the 
Philoſophers that came after them, who much de- 
generating from their Predeceſſors, had fo little Care 
and Concern for the mathematical Sciences, eſpe- 
cially Aſtronomy, that of all the Obſervations of Ec- 
lipſes, for the Space of near 2000 Years, that were 
ſent from Babylon by Calliſthenes, Ptolemy could 
recover but a very few, the reſt being loſt by the 
Careleſneſs, Negligerice, and want of Skill of thoſe 
Men, who ſhould have preſerv'd them. For theſe 
Pretenders to Philoſophy, having no Concern for 
the uſeful Parts of it, ſpent their Time about Tri- 
fles, and Diſputes of no Value, and in endeavour- 
ing to find out Sophiſms, whereby they would im- 
= upon their own, and the common Senle of all 

ankind : Such were Zeno's Arguments againſt 
Motion, and molt of the Philoſophers Diſputations 
againſt the Divilibility of Matter in inſinitum; 
whereas a little Knowledge of Geometry would ea- 
bly have diſſolved all the Difficulties they could 


raiſe. 
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raiſe. But tho Aſtronomy was thus baniſhed out of 
the Schools of the common Philoſophers, yet it was 
received and cultivated by ſome, tho' but a few, 
eſpecially by the Pythagorean Se, which flouriſh'd 
in Italy many Years, among whom was Philolaus 
and Ariftarchus Samius. e Prolemies, Kings of 
Egypt, were alſogreatPatrons of Learning, they found- 
ed an Academy tor Aſtronomy at Alexandria, which 
furniſhed us with great Men, the chief of whom was 
Hipparchus, who, 11 to Pliny, undertook 4 
Buſineſs which would have been a great Work for a 
God to perform, that is, to number the Stars, and 
leave the Heavens for an Heritage to all that come 
after. This Man foretold the Eclipſes of both Sun 
and Moon for 600 Years; and upon his Obſervati- 
ons is founded that precious Work of Ptolemy, which 
he call'd his psydAn gvv]aZis, or his great Conſtru- 
ction; for from them he gathered the Preceſſion of 
the Equinoxies, and the Theory of the Planets. 
WIEN Egypt was conquered by the Saracens, 
and Alexandria reduc'd under their Juriſdiction, 
the Conquerors took Aſtronomy, with the reſt of the 
Liberal Arts, under their Protection; and took 
Care that moſt Part of the Books concerning the 
Liberal Arts and Sciences ſhould be tranſlated from 
the Greek, into their own Arabian Language. 
THe Saracens paſſing from Africk into Spain, and 


having a Commerce with the Weſtern Exropean 


Nations, imparted to them the Science of Aſtronomy, 
which before was almoſt loft in Europe; ſo that 
about the Year 1230, at the Command of the Empe- 
ror Frederick, Ptolemy's Almageſt, or his great Syn- 
taxis, was tranſlated from the Arabick into Latin. 
AFTER that Time, Aſtronomy received many 


Improvements from the Patronage of the greateſt 


Princes, and the Labours of the moſt celebrated 
Philoſophers; among whom, in the firſt Place, 
is to be nam'd Alphonſus King of Caſtile, who is 


never to be forgotten, on the Account of the 


Aſtronomical Tables, call'd after his Name. Nico- 
laus Copernicus was not only a diligent Obſerver, 
but allo a Reſtorer of the ancient Pythagorean 

Syſtem. 
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Syſtems Prince William, Landgrave of Heſs, who 
procur'd rants and Sextants much larger than 
what were formerly us d, to obſerve the true Places 
of the Stars: This Prince's Obſervations are pub- 
liſhed by Snellius. Sir Henry Savill was moſt skil- 
ful both in Aſtronomy and Geometry, who is ever to 
be honoured for his Munificence in founding our 
two Profeſſions of Aſtronomy and Geometry in the 
Univerſity of Oxford, and endowing them with 
ample Ak. upon which Account, and many 
other Benefits he beſtowed on the learned World, 
he will always be had in Remembrance with the 
greateſt Reſpect. That Noble Daze Tycho Brahe, 
who for his Skill in obſerving, was ſuperior to all 
that went before him; and who, for the Furniture 
of his Obſervatory, exceeded even Princes and 
Kings: He publiſhed a Catalogue of 770 fixed 
Stars, which he had diligently obſerv'd. John Kep- 
ler, a moſt excellent Aſtronomer, by the Help of 
8 Labours, found out the true Syſtem of the 

orld, and the Laws the Celeſtial Bodies obſerve 


*in their Motions, with which he vaſtly improv'd. 


Aſtronomy ; his excellent Works are well known to 
the learned World, and will ever ſhew how much 
he is to be praiſed. Galileus, the Lyncian Philoſo- 
pher, who firſt applied a Teleſcope to the Heavens, 
and by its Means diſcover'd a great many new ſur- 

rizing Phenomena; as the Moons or Satellits of 
Fabse, and their Motions; the various Phaſes of 


Saturn; the Increaſe and Decreaſe of the Light of 


Venus; the mountainous and uneven Surface of 
the Moon; the Spots of the Sun; and the Revolu- 
tion of the Sun about his own Axis; all which were 


firſt obſery'd by this great Philoſopher. 


I ſhould much exceed the Bounds of a Preface, 
if I ſhould name the reſt of the great Improvers 
of our Art, with the Praiſes that are due to them ; 
particularly, Hewvelivs, who has given us a Ca- 
talogue of the fixed Stars, much larger than Ty- 
cho, compoſed from his own curious Obſerva- 
tions. The moſt illuſtrious Gentlemen, Meſſieurs 
Hygens and Caſſini, who firſt ſaw the Satellits of 


a Saturn, 
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Saturn, and diſcovered his Ring: Gaſſendus, Horrox, 
Bullialdus, Ward, Ricciolus, and N other Aſtrono- 
mers of great Renown. But we have one here, 
who on Account of his great Merits in Aſtronomy, 
does excel them all, that is, the moſt eminent and 
learned Dr. Edmund Halley, Savillian Profeſſor of 
Geometry in this Univerſity, my moſt friendly Col- 
legue; to whofe Labours Aſtronomy owes many, 
and thoſe not ſmall Improvements; in him there 
ſhines out together (which I know not if they are to 
be found in any other Perſon to ſuch a Degree) the 
greateſt Dexterity in Practical Aſtronomy, and a moſt 
profound and exquiſite Skill in Geometry; which 
wiil appear by his Aſtronomical Tables, which he is 
ſhortly to publiſh; tor they will far excel all others 
that ever were, or perhaps ever will be publiſhed. 
I could name many others of our own'Country- 
en, who have done much Service towards the 
mprovement of Aſtronomy; but we muſt not 
over in Silence the Labours of the celebrated Royal 
Profeſſor, the late Mr. John Flamſteed, who with in- 


defatigable Pains, for more than 40 Years, watch- 


ed the Motions of the Stars, and has given us innu- 
merable Obſervations of the Sun, Moon- and Pla- 
nets, which he made with very large Inſtruments, 
exactly divided by moſt exquiſite Art, and fitted 
with teleſcopial Sights. Whence we are to rely 
more on the Obſervations he hath made, than on 
thoſe that went before him, who made their Obſer- 
vations with the naked Eye, without the Aſſiſtance 
of Teleſcopes. The faid Mr. Flamſteed has like- 
wiſe compoſed the Britiſb Catalogue of the fixed 
Stars, containing about 3090 Stars, which is twice 


the Number that are in the Catalogue of Hevelius; 


to each of which, he has annexed its Longitude, La- 
titude, Right Aſcenſion, and Diſtance from the Pole; 
together with the Variation of Right Aſcenſion and 
Declination, while the Longitude increaſes a Degree. 
This Catalogue, together with moſt of his Obſer- 
yations, is printed on a fine Paper and Character, 
ar the Expence of the late Prince George of Den- 
art; but Mr. Flamſteed, before he died, had near 
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finiſhed another Edition of them at his own Ex- 


pence, which I am told will be ſhortly publiſhed. 


AMoNG fo many Helps and Advantages to- 
wards the Underſtanding of Aſtronomy, there was, ſtill 


wanting an univerſal and complete Theory of the 


celeſtial Phenomena, explained according to their 
true Motions and phyſical Cauſes. But this Work 
has been lately performed, finiſhed, and publiſhed by 
the late Dr. Gregory, the great Honour of our Pro- 
feſſion, and my Preceptor, whom I ought always 
to remember with Gratitude; for it is owing to 
him, if I have made any Advances in this Study. 

IN the mean time it is to be acknowledged, 
that thls Work does not ſeem to be ſuited to the 
Capaciry of young Beginners; for it contains many 
Things which require an Inſight into deep Geo- 
metry, ſo as to be clearly underſtood ; whlch Skill 
is ſeldom to -be met with in young Men, who are 
for all that capable of learning the Elements of A- 

ronomy. Beſides, the celeſtial Motions and their 
phyſical Cauſes are always jointly explained; which 
two Things, when they are to be learned by Begin- 
ners, diſtract them too much, and make the Do- 
ctrine difficult. Therefore I thought it more ad- 
vantageous to the Learner, firſt to explain the Mo- 
tions, and give an Account of the Phenomena that 
ariſe from theſe Motions; which when once under- 
ſtood, there will be an eaſy Admiſſion into the Know- 
ledge of phyſical Cauſes. 

o R which purpoſe, I compoſed the following 
Lectures, which I read in the Aſtronomical School at 
Oxford, as my Duty obliged me: In them I have 
taken ſome Pains, that all the celeſtial Motions 
may be clearly explained, and the Reaſons of the 
Phenomena, Which ariſe from thoſe Motions, be 
given. But particularly of thoſe which are to be 
underſtood by the Help of a few Propoſitions of the 


xiii 


Elements of Geometry. And therefore I would ad- 


viſe our young Beginners, who deſire to learn A- 
ſtronomy, that they would place Exclid's Elements 
before them, when they read theſe Lectures, and 
conſult them when they find any Propoſitions quo- 
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ted by us. Thoſe we chiefly uſe, are but few in 
Number; ſuch are the th, 5th, Sch, 13th, 15th, 
th, 29th, 32d, and 47th of the firſt Element. 
he 16th; 18th, 2oth,.43 tt, 35th, 36th, 37th of 
| d.Element : Alſo the 4% 5th, and 6th of the 
| Mertiegt beſides the Doctrine of Proportion, 
contained 


in the 5th Book. It were likewiſe to be 
aihed, that the young Student of Aſtronomy were 
-skilld in plain and ſpherical Trigonometry. But 
if there be any, as I believe there are ſome, who 
deſire to learn Aſtronomy, and yet are ignorant of 
Trigonometry; I require of them, that they grant 
and allow us this Poſtulate; becauſe in every Tri- 
angle, either ſpherical or plain, there are three An- 
gles and three Sides; of theſe ſix, having any three, 
one of which in a plane Triangle muſt be a Side, 
all the reſt may be found. It is Tyigonometry that 
teaches us how to perform this, whoſe Uſe is ap- 
parent in all the Parts of . et 

THERE are alſo ſome Things in our Aſtronomy, 
which require a Knowledge of deep Geometry, as 
when we ſpeak of the Elliptick Theories of the 
Planets diſcover'd by Kepler. But I would not have 
the Beginners or young Students trouble them- 
felves with theſe Particulars, ſo they may paſs 
them over. 

I delire alſo of them that are unacquainted 
with Aſtronomy, that after they have}read the XI. 
and XII. Lectures, concerning the general Cauſes 
of Eclipſes, they would leave the reſt of that Do- 
Ctrine, till they are inſtructed in the ſpherical In- 
ſtitutions, as they are explained by us in the XX. 
and XXI. Lectures; and then they may return to 
the remaining Parts of the Doctrine of Eclipſes, 
contained in the XIII. and XIV. Lectures. 

TRE who underſtand what is here deliver'd, 
may with much Advantage undertake to read that 
excellent Work of Dr. Gregory's, and learn the 
phyſical Cauſes of che celeſtial Motions from thence. 
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/ Viſible and Apparent Motion. 


ST RONO M being a Sci-Lect. I. 
ence in which are explained the CFWW 
Motions of Bodies that are at an 
go immenſe Diſtance from us, and 
the Appearances which ariſe from 
theſe Motions; They who would 
learn this Science, muſt firſt be 
informed of the Manner how the Motions of di- 
ſtant Bodies become viſible, and the Objects of our 
Senſes. | 

AnD firſt it is plain, that ſince the Eye looks bar Be- 
upon ſuch Bodies to be at Reſt, which keep the 272 a 
ſame viſible Diſtance, the ſame Poſition and Si- - 
ö tuation, not only in reſpect of other Bodies which 
we conceive to be at Reſt, bur alſo in reſpect ot 
the Eye that beholds _ thoſe Bodies can wy 


2 ASTRONOMICAL 


Lect. I. be perceiv'd to move, which change their Diſtances 

GY Wand Poſitions, in reſpect to other tes, Or to the 

Jar in Eye of the Spectator. _ 

W Bur that we may explain this Matter by its 

proper Principles, and draw it from its Origin, 
that is from an Explanation of the Manner of Vi- 
ſion: It muſt be known, that the Writers of Opricks 
demonſtrate that _ Body which is ſeen, has its 
Image painted in the Botrom of the Eye, upon that 
Coat which is called Reticular, or the Retina, whoſe 
Surface is Spherical concave. This Image is made 
by the Rays of Light which flow from the Viſible 
Object to the Eye, and are therein received and 

Of the Senſe refracted. The — of each Point is in that Place, 

of Seeing. where the innumerable Rays which come from that 
Point, and paſſing through the Humours of the Eye, 
do by Refraction meet on the Retina. 

Plate I, LET AB, a Portion of the Periphery of a Cir- 

Fig. 1. cle, repreſent the outward Surface of the Eye; 
D G the Bottom or reticular Coat, which is form- 
ed by the Extremities of the Optick Nerves, and 
let C be the Center of the Eye; the Image of the 
Point F will be in the Line FC H, and therefore 
at H: So alſo the Image of the Point E will be in 
the Line E CL, at the Point L; for the Rays of 
Light will, by che pellucid and clear Coats and 
Humours of the Eye, be fo refracted, that all thoſe 
Rays which come from F, and enter the Eye, will 
change their Direction, and turn towards H, where 
they will meet; and likewiſe all thoſe which come 
from E, being refracted in the Eye, will converge 
and meet again at L, where they will form the 
Image of the Point E; for by ſtriking on the ner- 
vous Fibres in theſe Points, they will excite the 
Senſe of Viſion. 

THERE is a fine Experiment which confirms 
and demonſtrates this Doctrine. For if the Eye 
of an Ox, or any other Creature, juſt after its 
Death, be taken out of its Head, and the opake 
and black Coat calld the Choroides, which covers 
the back Part of the Eye, be ſeparated, ſo that the 
thin and pellucid reticular Coat may appear; . 

this 
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this Eye be turned towards a Window, or any Lect. I. 
Object that is op + illuminated, we ſhall ſee wr eo 
wich Pleaſure and Admiration, a fine Picture on 
the Retina, exactly , repreſenting the Object in its 
proper Colours. e ſhall have the ſame Appear- 
F ance, if inſtead of the Eye we take any Convex- 
glaſs of a Teleſcope, and turn it towards the Ob- 
T ject, and place a white Paper at a due Diſtance 
behind the Glaſs, we ſhall ebſerve upon the Paper, 
an exact Image of the Object, diſtinctly repreſented 
with its lively Colours. 
If therefore the Image H of the Point F re- How Morin 
main unmoved on the fame Point of the Retina, 288 
the Eye being likewiſe unmoved, the Object F)“ 19“. 
will be at Reſt: But if the Point F be carried to 
E, its Image will thereby ſucceſſively paſs through 
different Parts of the Retina, and deſcribing the 
Space H L, will excite the Senſation of Motion. 
It the Point F be at a great Diſtance from us, 
and the Motion be made in a Plane, paſling thro” 
the Eye, the Spectator will judge of the Magnitude 
of the apparent Motion, by the Magnitude of the 
*Angle F CE. 
* IF in the Line C F there be another Object M, 
which is likewiſe at a great Diſtance from us, and 
this Object be carried from M to N, its Motion 
will appear to be the ſame with that of the Ob- 
ject F; for the Way of both will appear the ſame, 
the two Images having the ſame Path, and paſſing 
through the ſame Space in the Bottom of the Eye. 
If the viſible Point M be carried in the Line C F 
From M to F, ſuch a Motion cannot be perceiv'd 
py the Spectator, the Image of M remaining un- 
moved all the while on the Retina: And whatever 
Bodies are moved in Lines that paſs thro' the Cen- 
er of the Eye, the Motions of ſuch Bodies are not 
Kt be obſerved by our Sight, nor can we an 
ther Way diſcern ſuch Motions, but by the Increaſe 
or Diminution of the Splendor and viſible Magni- 
gude of the Objects. I ſpeak here of diſtant Ob- 
Ects: For thoſe that are near us, tho' they move in 
Eines palling thro? the Eye, yet we way —_— 
2 2 their 
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Lect. I. their Motions by the Change of Poſition and Si- 
auction which they hold in reſpect to other Bodies, 


whoſe Poſitions and Diſtances are known. Now 


whatever be the Path of the moveable Point Fin 
the Plane FCE, whether it be in the right Line 
FE, or in the circular Arch FP E, or in any other 
curve Line FQE; when it comes to the Line CE, 
its apparent Motion will always be ſeen to be the 

F. remains the ſame; 
but when the Angle F CE is increaſed or diminiſn- 
ed, the viſible Motion will be in like Manner in- 
creaſed or diminiſhed, which therefore can be only 


ſame, while the Angle, F C 


meaſured by that Angle. 


THAT therefore the apparent Motions of Bo- 

dies may be determined, we muſt here ſhew the 

Method by which Geometers and Aſtronomers find 

The Aſca- out the Meaſures of Angles ; which though it is 

fares of An commonly known, even to the meaneſt Artiſts, « 
yet that we may omit nothing which will make 

what is to follow eaſily conceived by Beginners, 


gles. 


we will here explain it in a few Words. 


EvcLipD has demonſtrated, that the Angles at 
the Center of any Circle are proportional to the 
Arches on which they ſtand, and therefore the * 


Meaſures of Angles will be beſt known from thoſe 
Peripheries or Arches which ſubtend them : On 
A Degree which Account the Aſtronomers divide the whole 


what, Periphery of a Circle into 360 Parts, which are 


Scruples 


er Minutes, Called Degrees; and they divide each Degree into 
60 other Parts, which are named Scruples, or Firſt 7 
Minutes; each of thoſe Minutes are again divided 
into 60 ſecond Scruples or Minutes; and each Se- 


cond is alſo ſuppoſed to be divided into Thirds, 
each Third into Fourths ; and ſo on. 

By this Means they reckon no more, Degrees 
or Parts in the greateſt Circle than in the leaſt that 
is; and therefore if the ſame Angle at the Center 
be ſubtended by two concentrical Arches, they 
count as many Degrees or Parts in the one as they 
do in the other; for theſe two Arches have the 

Plate l. ſame Proportion to their whole Peripheries. For 
Fig. 2. Example: Let ACB be an Angle, and from the 


Center 


"at 
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Center C let there be deſcribed two Arches A B, Lect. I. 
bi. D E, ſubtending the Angle: There are as many 


es, Degrees and Minutes contain'd in the Arch A B, 
as there are in the Arch D E, altho' the Radius or 
Semidiameter of the Arch AB were only a Foot 
long, and the Radius of the other reached the 
Fixed Stars. It is true indeed, that a Degree in 
the Arch AB is fo much leſs than a Degree of the 


# CD: The Angle C is faid to be of ſo many De- 
Z grees or Minutes as the Arch which ſubtends it 
Contains of ſuch Parts. 


fourth Part, ſixth Part, or eighth Part of the whole 
Periphery. If it be a Quadrant, the Inſtrument- 
> Makers divide it into 90 Degfees, 9o being the 2th 
= of 360: If a Sextant, it is divided into 60, which 
is the 3 of 360: If an Octant, it contains 45 De- 
= grees, or the Fth of 360. They divide again 
each Degree into Minutes, and each Minute into 
Seconds, if the Inſtrument be large enough to ſhew 
=Z ſuch Parts. The Inſtrument-Makers fix to the Side 
of the Inſtrument Pins or Sights, by which the 
> collineate to the Object, and they faſten likewiſe 
a Rule moveable about the Center upon the Plain 
of the Inſtrument, which Rule is likewiſe furniſh- 
ed with Sights, with which they obſerve Angles in 
this Manner. 


meaſure the Angle AC B: Let the Inſtrument be 
turn'd, till the Object A can be ſeen thro” the Sights 
of the Side CD; and let the Plane of the Inſtrument 
be ſo moved round the Side C D, and the Rule round 
the Center, that the Object B may be ſeen thro” the 
= Sights of the Rule: It is manifeſt from what has been 
ſaid, that the Arch DE will give the Meaſure of the 
Angle ACB, and that the Arch AB will contain 
je 2s many Degrees and Parts, as the Arch D E, 
r Which the Rule cuts off from the Inſtrument. 
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Arch D E, as its Radius CB is leſs than C E or 


TE Inſtrument by which Angles are obſerved, 23. Meb.4 
is a known Portion of the Periphery of a Circle, «f Meaſu- 
as a 1 Sextant, or Octant, that is, the Anger, 

h 


LEr A and B be two Objects at a great Diſtance Plate I. 
from us: And ſuppoſe the Obſerver at C, who is to Fs. 3. 


6 ASTRONOMICAL 


Led. I. Mönzovzxx Aſtronomers have other Bounds or 


I VMMarks from which they reckon the Arcual Diſtances 

of Stars, and meaſure them with a like Inſtrument. 
The Heri- Theſe are chiefly the Horizon, which is formed 
ks by a Plane touching the Surface of the Earth 


where the Spectator ſtands, and is infinitely ex- 


tended towards the Heavens; which it divides in- 
to two Hemiſpheres, or Parts ſenſibly equal, and 
ſeparates the Viſible Heavens from the Inviſible. 
And if we ſuppoſe a Circle perpendicular to this 
Horizon paſſing through any Star, the Arch of it 
comprehended between the Star and the Horizon 
The Alti- is called the Altitude or Height of that Star. There 
rude of a is another Mark which is called the Pole of the 
| 8 Horizon, and is that Point which is directly over- 
tbe Hori. head, through which a Line perpendicular to the 
*. Horizon will paſs: And it is in this Line all heavy 
Bodies endeavour to deſcend, and according to 
which we ftand upright. By this Method the 
Sailors at Sea find out the Height of the Sun by 
the Angle which is formed in the Eye, by Lines 
coming from the Sun, and from the Horizon. So 
likewiſe the Aſtronomers by Rules and Quadrants 
made on Purpoſe for that Uſe, obſerve the Angle 
which the Rays or Lines that come from the Sun 
or Stars, make with the Line that is perpendicular 
to the Horizon. . 
INS TEA D of plain Sights we now commonly 
make Uſe of Teleſcopes ; for by their Means diſtant 
Objects are more certainly and exactly obſerved, 
than they can be by our ſimple View. The Man- 
ner of fitting Teleſcopes to Inſtruments, the Me- 
thod of dividing the Arch, and the Contrivances 
for managing and moving the Inſtrument for Prac- 
tice, we leave to the Mathematical Inſtrument- 
Makers to deſcribe. 
Plate 1, By the Meaſure of Angles we likewiſe find the 
„ 4 apparent Diameters of diſtant Bodies: Let A B 
5 2 be a Line which is ſeen by the Eye at C di- 
rer: of Ho- rectly oppoſite to it, and ſuppoſe drawn from its 
dies. Extremities A, B, right Lines A C, B C to the Eye; 
that Line AB is faid to appear under 1 
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LECTURES... 7 


ACB, which is call'd its Apparent Magnitude, Lect. I. 
and is ſaid to be ſo many Degrees and Minutes as 
that Angle obſerved by an Inſtrument contains. Af: Fig. 5. 

ter the ſame Way the Object D E, ſeen by the Eye F, 

is ſaid to appear under the Angle D FE, and the Ap- 

parent Magnitudes of the Lines AB, DE, are to one 

another, as the reſpective Angles A CB, D FE. 

Bor if the Eye come nearer to the Object A B, Te 2ppa- 
ſo as to view it but from half the Diſtance, that is, 5; 
from G; the Object will be from thence ſeen un- carer we 
der twice the Angle it appeared under before: If approach 
the Eye come three times nearer, its apparent Mag- 1 ET 
nitude will be near three times greater, provided Fig. 4. 
the Angles be but ſmall, and exceed not a Degree 
or two: And the apparent Diameters of ſuch Ob- 
jects do nearly increaſe, as the Diſtances from which 
they are view'd are diminiſhed. 

By this Method, if we know the apparent Dia- 
meters of two Bodies, and the Proportion of their 
Diſtances from us, we can know from thence the 
Proportion their true Diameters bear to one another : 

For if their Diſtances be equal, their true Diameters 
will be as their apparent: And if their apparent Dia- 
meters are equal, their true Diameters will be pro- 
portional to their Diſtances. For Example : If the oy N 
Angle ACB be equal to the ang DEF, bu © © 
the Diſtance CB triple of the Diſtance E F, the 
Line AB will be triple of the Line DE: But 
if the Diſtanc2 C B be not only triple of the 
Diſtance e f, but alſo the Angle A CB be double 
of the Angle d fe, the Object AB will be ſextuple 
of the Object de: For if we ſuppoſe CM equal 
to df, and an Object MN to appear under the 
Angle MCN or ACB,; becauſe the Angle MCN 
is double of the Angle fe, MN will be double 
of de; but becauſe GB is triple of CM or df, AB 
will be triple of MN, and conſequently it will be 
fix times bigger than de. Hence, it the apparent Di- 
ameters of the Sun and Moon be equal, let the Sun 
be 100 times further from us than the Moon, the 
Sun muſt needs be 100 times in Diameter bigger 
than the Moon: We ſhall afterwards demonſtrate, 
B 4 that 


pe - 


75 


ASTRONOMICAL 


Lect. I. that the Sun's Diſtance from us is above 100 times 


greater than that of the Moon. 


The Ad- 


Vantapes 


Teleſcopes, 


Ir we know the apparent Diameter of any Bo- 
75 we can from thence exactly know, by the 
elp of Trigonometrical Tables, what Proportion 
the Diſtance of that Body bears to its true Dia- 
meter. For ſuppoſe the Object D E to be ſeen by 
the Eye at F under the Angle DF E. For Ex- 
ample of one Degree; then the Diſtance FE will 
be to D E the Diameter of the Object, as the Ra- 
dius of a Circle is to the Tangent of the Angle 
DFE ; that is, ſuppoſing DF E one Degree, as 
Io000 is to 174,5. The Sun appearing under an 
5 of about half a Degree, or 30 Minutes, its 
Diſtance will be to its own Diameter as 10000 to 
87: Hence, we are certain that the Sun's Diſtance 
from us, is nearly equal to 115 of its own Diameters. 
And if an Eye were placed in the Sun, to obſerve 
the Angle under which the Diameter of the Earth 
appeared from thence, we then ſhould be able to 
rell exactly the Diſtance of the Sun from us, in 

Diameters of the Earth, or in Miles. 
SINCE, as we have faid, the apparent Diame- 
ters of Bodies grow bigger, the nearer we come to 
them, and that they are increaſed almoſt in the 
{ame Proportion that the Eye approaches them; 
(for Example: If any Man were ten times nearer 
to the Moon than we are, and did there obſerve 
it, he would ſee the Moon ten times bigger in its 
Diameter and clearer than we do; in Diameter I 
ſay, for the Surface would appear 100 times larger 
than it does to us:) If here on Earth we ſhould 
take a Teleſcope which only increaſes the Diame- 
rer ten times, and look to the Moon with it, the 
Moon will have the ſame Appearance ſeen with 
ſuch a Teleſcope, as would appear to a Specta- 
tor ten times nearer it than we are. But if we 
ſhould uſe Teleſcopes (and ſuch there are) which 
magnify the Diameters of Objects roo or 200 
times, they will ſhew the Moon in the fame Man- 
ner, Figure and Bigneſs, as it would appear in, 
at a Diſtance 100 or 200 times leſs than ours. 
Hence 
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LECTURES. 


Hence we can perceive with our Eyes with what Le&. I. 
Face, and how large the Moon would ſhew itſelf, LAs 


at the Diſtance of three Diameters of the Earth: 
As likewiſe we can diſcern how it would appear, 
if we approached it much nearer, and view it only 
at the Diſtance of 1000 Miles; for from thence 
we ſhould be able to diſcover in it vaſt Ridges of 


Mountains, deep Caverns, many Vales, and large 


open Fields. By the Means of Teleſcopes we ſtill 
aſcend higher in the Heavens, and we can ap- 
proach the Planets, Comets and fixt Stars ſo near, 
that of ſuch immenſe Diſtances there remains only 
the hundredth, or two hundredth Part to have 
the whole Journey finiſhed ; and from thence we 
can behold the Converſions of the Planets about 
their proper Axes ; the Moons of Fupiter and 
Saturn, their Eclipſes; the Belts of Jupiter, the 
wonderful Ring of Saturn, and all the various 
Appearances and Shapes it takes. We could not 
paſs over, without taking Notice in this Place, 
theſe Advantages of the Teleſcope, ſince it is the 
chief Inſtrument by which we obſerve the Mag- 
nitudes of the Heavenly Bodies, and their apparent 
Motions. 


SiNcE the Motions of diſtant Bodies are no He the 
other ways to be known, dut by the Change off 
the Angle which is at the Eye that obſerves them; Bodies, 


it will eaſily appear from thence, that tho' Bodies we are 
in themſelves 

, ; 1 oe" equal, ma 

Spaces in equal Times, their Motions notwith- —4 = 


ſtanding may ſeem to be very unequal and irregular. l. 


move equally and regularly, deſcribing equal 


This will be beſt underſtood by an Example. 


SUPPOSE a Body to be revolv'd in the Peri- Plate 1. 
phery of a Circle ABDEFGQ, and to move Fis. 6. 


thro* equal Arches AB, BD, DE, EF, in equal 
Times; and let the Eye be in the Plane of the ſame 
Circle, but at a Diſtance from it, viewing the 
Motion of the Body from O: When. the Body 
goes from A to B, its apparent Motion is meaſur'd 
by the Angle AO B, or the Arch HL, which is 
will ſeem to deſcribe; but in an equal Tim while it 
moves thro” the Arch B D, its apparent Motion is 

deter- 


= 


10 ASTRONOMICAL 

Lett. I. determined by the Angle BOD, or the Arch L M, 
wAPw which is much leſs t the former Arch HL; 
and the Body, when it arrives at D, will be ſeen at 
the Point M of the Periphery NL M: Bur it 
takes the ſame Time to deſcribe DE which is 


equal to AB, or B D; and when it arrives at E, it 
is {till ſeen at the Point M; fo that all the Time it 


is moving thro the Arch DE, it appears almoſt 


immoveable, and, as it were, to ſtand ſtill. While 
the Body is continually going forward in its proper 
Orbit, and deſcribing the Arch E F, when it comes 
to F, the Eye in O will fee it in L, and it will a 
r to have gone backwards in the Arch M L. 
80 allo, while it moves from F to G, at its Arrival 
at G, it will be ſeen at H in the very ſame Place 
it appeared in when it was in A. So likewiſe, 
while it paſſes from G thro' I to Q the Specta- 
tor's Eye at O will obſerve it, as it it had de- 
ſcrib'd the Arch HK N. And tho' it is ſtill going 
on in its Orbit, while it runs thro” the Arch QP, 
the Spectator will obſerve it all that Time near the 
Point N, in a Stationary State. After its paſſing 
by P, and going to A, it will appear to change 
again its Courſe, and deſcribe the Arch N KH 
With very unequal Motions. 
Opticel In» TRIS Inequality of Motion is call'd by Aſtro- 
nomers the Optical Inequality : Becauſe it is not 
really in the Bodies moved, but only apparent to 


the Eye which perceives it, ariſing from the Po- 


ſition of the Spectator : For the Body all the Time 
moves uniformly forward, and if. the Eye were in 
F; the Center, it would ſee the Motion always per- 

ig. 7. 
if the Eye fectly regularly performed. : 

Plat IF the Eye were placed in any Point, as O, 
_— =o within the Orbit of the Body, but not in the Cen- 
Motion that ter, and there the Spectator remained immoveable, 
is equal, may he would ſtill obſerve the Motions to be unequal, 
Ae e altho* the Body moved never ſo regularly; and 
„le Body can When at the greateſt Diſtance from him, as at 
— ſeen A, it would appear to be ſloweſt; when it comes 
to go + ga neareſt, it would ſeem to move quickeſt, This is 
change irs plain; for the Arches AB and CD being equal, 
Courſe, they 


wand 
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they will be deſcribed in equal Times. But the Lect. I. 


Angle DOC being greater than A OB, the Mo- wad 


tion in D will 1 ſwifter than that at A. But 
in this Caſe the Body will never appear to ſtand, 
or to go backwards, but always forward: And 
therefore, when a Spectator placed within the Orbit 
of another Body, and viewing its Motion, per- 
ceives it ſometimes to go forward, then to ſtand 
ſtill, and afterwards go backward, we may from 
thence conclude, that the Place of thè Spectator is 
likewiſe moved, 


SEEREERIER REG I RARI RIS 


LS MU KS; 


Of the Apparent Motion which ariſes 
from the Motion of the Spectator or 
Obſerver. 


\ 


Do A NITHERTO we have enten the 
RR) Spectator to have remained immove- 


But if the Place of the Obſerver be 
likewiſe moveable, then there will be 

= * very difterent Appearances, and the 
Eye will perceive thoſe Bodies to be at Reſt which 
may have really a very quick Motion, and other 
Bodies may ſeem to be in Motion; which remain 
really at Reſt: And not only theſe Appearances may 


k 
„ N25 
A 5 


— 


be ſeen, but the Motion of Bodies may appear to be 


directly contrary to what they truly are; and Bodies 
which are really goingEaſtward, may appear to move 
towards the 1 Il which will be moſt eaſily de- 
clared and made plain from the Appearances obſer- 
ved by them who ſail in a Ship: 
SUPPOSE a Ship carried by the Winds with 


They who 


fail in a 


a ſwift, but uniform Motion; the Paſſengers can Sbip, per- 


: ; : cerve not the 
neither per Celve the Motion in the Ship; nor of 1. of 


any ebe Ship, 


12 ASTRONOMICAL 


_ Leda. II. any _ in it that keeps the ſame relative Place 


iz che Ship: For fince the Veſſel and all its Parts 
retain the ſame Situation and Poſition in reſpect 
of the Eye, their Images painted on the Retina 
will always abide in the ſame Place, and therefore 
they muſt appear unmoved. Hence it is, that 


tho every Thing in the Ship goes as faſt forward 


as the Ship itſelf does; yet ſuch Motions cannot 
be perceived by a Spectator that fits in the ſame 
relative Place, and who has the fame common 
Motion with the Ship. But when the Spectator 
turns his Eyes towards the Shore, or upon Objects 
which are without the Ship, they will ſeem to be 
moved ; for while the Ship goes forward, it carries 
along with it the Eye of the Spectator, by which 
But extey- Motion of the Eye the Poſition of external Ob- 
wal 5 — jects in reſpect of itſelf will be changed, and 
A their Images will ſucceſſively occupy different 
ſeem co Places on the Retina; and therefore Objects with- 
move. out the Ship, which are really at Reſt, will ſeem 
to be moved, whereas thoſe that are within the 
Ys and really in Motion, will appear to be at 


elt. 
Ir, while the Ship is moving very faſt forward, 

a Ball of Lead, or any other heavy Metal, were let 

fall from the Top-matt, the Paſſengers in the Ship 

will obſerve the Ball to fall perpendicularly down- 

wards, and it will fall upon the Deck juſt by the 

Foot of the Maſt, after the ſame manner as it would 

fall were the Ship at Reſt. Bur notwithſtanding 

this, the true Motion of the Ball is not in the 

The Motion Nerpendicular, but in an Oblique Line, in which 
Z a Ball it deſcends; and a Spectator in another Ship 
. L which is at Anchor, will eaſily obſerve this Obli- 
quity and Curvity of its Way, while it falls thro' the 

ir. The Reaſon of this Appearance is eaſily ſhew'd : 

For according 'to the firſt and principal Law of 

Natural Philoſophy, a Body once put into Motion, 
endeavours to retain that Motibn, and to continue 

moving in the ſame Direction. Now the Ball, 

while it was held at the Top-maſt, went forward 

with the Ship, and had its Motion communicated 

to 
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LECTURES. 


to it; and therefore, after it is left to fall, it will Lect. II. 
retain the ſame Force to go forward as it did be- .. 


fore; and at the ſame Time, its Weight carryi 

it downwards, it will both go forward and deſcend : 
For the two Forces, one communicated by the 
Ship, and the other from Gravity, will not hinder 
or diminiſh one another, they not being contrary. 
It will therefore be moved as faſt forward, and as 
much downward, as it would be, did the two 
Forces a& upon it ſeparately at different Times. 
By theſe two Forces acting together, the Recti- 
tude of its Way is only hindered, which it would 
have, did the Perpendicular and the Horizontal 
Forces act ſeparately; and the real Way of the 
Ball thro' the Air is a curve Line, exactly like 
that which a Body takes when it is thrown accord- 
ing to an Horizontal Direction: And in ſuch a Line 
it will be obſerved to move, by a Spectator placed 
near it in another Ship which is at Reſt. Beſides, 
ſince the Ball and Maſt are both moved forward with 
the ſame Velocity, they will always remain at the 
ſame Diſtance from each other, and therefore the 
Ball will touch the Deck juſt by the Foot of the 
Maſt. Moreover the Motion of the Ball forward 
is common to the Ship, and all its Parts, as like- 
wiſe to the Paſſengers that are relatively at Reſt 
in the Ship. But we have before ſhewed, that the 
common Motion could not be obſerved by the 
Paſſengers in the Ship, and therefore ir cannot be 
perceived neither while the Ball is falling. Where- 
fore the only Motion that can be ſeen, will be 
that which is impreſt upon it by its Gravity, 
which is peculiar to the Ball, and by which it 
deſcends. And therefore the Paſſengers will ſee 
the Ball deſcending only in a perpendicular Line. 
Experiments have been ofren made, which demon- 
ſtrate that all we have ſaid is exactly true. 


IF any Perſon fitting at the Ship's Head, ſhould The N- 


throw a Ball towards the Stern with the ſame Ve- 2 1 


nor backward; and if there Ship, 


locity that the ara goes forward, that Ball would 

neither go forwar 

were .no Gravity, it would remain W 
uc 


* 


ASTRONOMICAL 


Lect. II. But becauſe Gravity acts upon it, it will really 
ine, and a Spectator 
in a Ship at Anchor would obferve it deſcending 


<A deſcend in a Perpendicular 


m a Right Line. For the Force impreſt u 


u it 


when it is thrown, will only deſtroy the firſt Force 
communicated to it ſrom the Ship, to * the 
ut for 


Projectile Force is contrary and equal. 
all this, the Paſſengers will not perceive this 
pendicular and direct Motion; but they wi 


kae 


the Ball go towards the Stern with the ſame Force, 
as it really would have done, had the Ship been at 
Reſt, and the Ball been thrown with the ſame Force 


to the Stern. 


Bur if the Velocity with which the Ball is 
thrown toward the Stem ſhould be leſs than that 
of the Ship, the real Motion of the Globe will 
be forward, in the ſame Direction in which the 
Ship goes, but lower than it; for the whole Motion 
will not be deſtroy'd, 
and there will {till remain a Part of its former Mo- 
tion, by which it will be carried forward, tho'ꝰ not 
But the Paſſengers will perceive 
no ſuch Motion, but they will obſerve the Ball to 
be moved in a Line directly contrary to its real 
Motion, with that very Velocity that it would 
is at Reſt: 
Hence it is plain, that Bodies may appear to have 
a Motion directly contrary to their real and abſo- 


communicated by the Ship 


ſo faſt as before. 


have, were it thrown when the Ship 


lure Motion. 


An Objefi- 


Bur ſome may object, that the Ball thus 
thrown, will really hit the Stern of the Ship, and 
impreſs on it a conſiderable Blow, which it could 
not do, had it not a Motion towards the Stern. 
But this Difficulty is eaſily removed; for tho” they 
that are within the Ship ſee the Ball go and hit 
the Stern, a Spectator without, who is not in 
Motion, will obſerve that rhe Ball does not come 
upon the Stern, and give it a Stroke, but that the 
Stern ruſhes upon the Ball, and acts upon it with 
all its Force: And the Force of the Stroke which 
each Body receives, is the ſame as if rhe Ship _ 
wit 


been at Reſt, and the Ball had fallen upon it 


the 
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the ſame Velocity that the Stern does really come Lect. II. 
againſt the Ball; for it is known from the Laws way 
of Motion, that if there be any two Bodies, A Plate 1. 


and B, equal or unequal, the Force of the Stroke 
will be the ſame, whether B with a certain De- 
gree of Velocity comes upon A, which is at Reſt, 
or if B ſhall be at Reſt, and A with the ſame 
Velocity - ruſhes upon B; or if both Bodies move 
the ſame way, but A, moving faſter by its greater 
Velocity, gives B an Impulſe, the Force of the Stroke 
will be the fame as if B were at Reſt, and A 
came upon it with the Difference of their Veloci- 
ties, that is, by the Exceſs wherewith the Veloci 
of A is greater than that of B: Or laſtly, if 
and B have contrary Motions, and hit one againſt 
the other, the Greatneſs of the Stroke will be the 
ſame as if one of them ſtood ſtill, and the other 
came againſt it wich the Sum of their Velocities. 
In one Word, whatever the real Velocities of the 
Bodies may be, ſo long as their relative Velocities, 
or the Velocities by Which they approach each 
other, remain the ſame, the Force of the Stroke 
will likewiſe remain the ſame. Hence it is, that 
in a Ship, however ſwiftly it may fail, all our ap- 
parent Motions, and the Motions of every Thing 
in the Ship, do all appear to be the ſame that they 
would, where the Ship at Reſt: And it is obſer- 
vable, that Flies and other Inſects keep the ſame Mo- 
tion in regard to one another, whether the Ship is 
at Reſt, or fails uniformly forward with any De- 
gree of Velocity, let it be never ſo great. d it 
is univerſally true, that all Bodies that are ſhut 
up in any one Place, preſerve the ſame Motions in 
regard of one another, and all Appearances will 
be the ſame, whether the Place remains unmove- 
able, or has a direct uniform Motion forward. 

I have brought theſe Examples, that you may 
perceive how wide the Differences may be be- 
tween real and apparent Motions, and how hard 


it is to judge of real Motions, by thoſe that are 
N. | 


By 


Fig. $. 
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Le&. If. Br this it is evident, that if a Spectator were 
placed in Fupiter, or Saturn, or any other of 


the Planets, he can never be made ſenſible of the 
Motion of his own Habitation, no more than they 
who fail in a Ship can perceive the uniform Mo- 
tion of the Ship. Paſſengers who fail in Ships 
may indeed be very ſenſible of the frequent Toſ- 
ſings and ſudden Shocks the Ship receives from 
the Waves and Wind, which they find exceeding- 
ly troubleſome to them. But the Planers, which 
compoſe a Celeſtial Fleet, are not liable ro any 
Storm ; they without any Diſturbance or Commo- 
tion circulate in their Orbits, and fail, as it were, 
in a moſt Pacifick Ocean, which is continually 
calm and ſerene. | 


Ee SalCa CRC CAC 2 NCI 216 215216215 21C0ICP! 


LECTULY m 
Of the Syſtem of the World. 


F have ſhewed, that according to the 
4 different Situation and Motions of the 
a; 
85 ee That we may have a more diſtinct 
2 Knowledge of the Fabrick of the 
therein contained, may be more eaſily underſtood, it 
will be requiſite, that that Divine and Immenſe Fa- 
the different Proſpects they afford from ſeveral Pla- 
ces; ſo here, to have a true and juſt Notion of the 


Spectator, the Appearances of Things 

will be very various and different. 
World, and that the admirable Beauty of the Uni- 
verſe, and the harmonious Morions of the Bodies 
brick ſhould not be obſerved from one Point or Cor- 
ner only: But as in viewing of large Palaces, we take 
World, we muſt ſuppoſe it to be obſerved in 
different 
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N - EECTURES. 17 
different Situations and Diſtances, that by con- Lect. III. 
templating the various Proſpects it gives us, and. 
comparing them together, we may obtain at laſt a 

diſtinct ele of this immenſe Palace of God 
Almighty, and have an Idea or Image of it im- 

reſſed on our Minds, which is worthy of its In- 

= finitely wiſe Architect. 
> IN order to underſtand therefore the Heavenly 
Bodies, their Motions, and Appearances, which are 
called Phenomena, we muſt feign ourſelves not 
= to be Inhabitants of this Earth, and fixed to one 
= Habitation, bur ſuppoſe we have the Power of 
Travelling every-where, thro' the immenſe Re- 
= gions of indefinite Space: And therefore we will Lena 

= ſometimes take Poſſeſſion of ſome immoveable N 27 
Place; from thence we will transfer ourſelves to'ave « free 
the Sun, to obſerve the Regularity and Harmony Cz»/e, er 
of the Motions which are to be ſeen from thence ; 3,1 1 
= afterwards we will take a Journey to ſome other the Parts of 
of the Planers, that we may from them obſerve the Uni- 
the apparent Motions of the Heavens; nor will *7/*, 44 
= we confine ourlelves within this Planetary Nals 
* Syſtem, but we will aſcend much higher in the Stor to an. 
Heavens, and view the World from a Comet or eber. 


= fix d Star. 


* 
" * — 

— 
* 


— 


Ve, tho from Heav'n remote, to Heav'n will move 
Mith Strength of Mind, and tread th Abyſi above: 
= And penetrate, with an interior Light, 

* Thoſe upper Depths, which Nature hid from Sight. 

© Pleas'd we will be to walk along the Sphere 

Of ſhining Stars, and travel with the Tear. 

A leave this heavy Earth, and ſcale the Height 
| Of Atlas, who ſupports the Heav'nly Weight : 

T look from upper Light, and thence ſurvey 

"Miſtaken Morta's wand'ring from the Way. 


N O VI D', Metamorphoſis, Book XV. 
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18 ASTRONOMICAL 


Lect. III. Now, tho' our Bodies, by reaſon of their 
Gravity towards the Earth, are detained, as it 
were, Priſoners in this earthly Manſion; yet no- 

thing hinders, but that, with our Mind and Ima- 
1 we may wander thro' all the Heavenly 

egions, and from them contemplate, with the 

Eyes of our Reaſon, the whole Syſtem of Nature. 

Nor do I ſee how this Liberty of Imagination can 


be denied us, which was always allowed to the *® 


Aſtronomers of all Ages; for they, to obſerve the 
equal Motions of the Heavens, thruſt the Specta- 
tor down to the Center of the Earth, and ſup- 
poſed that the Heavens were viewed from thence, 
as from the Center of a cryſtal Globe. An Aſtro- 
nomer thinks it no great Conceſſion or Poſtulatum, 
that he can draw a Line from the San to the Cen- 
ter of the Earth; and from thence again to an 
Planet or Star. He divides the Heavens wit 
his Circles, and marks out the Ways of the 
Planets; and indeed without ſuch a Licence he 
could never have brought Aſtronomy to any Degree 
of Perfection. 

As therefore it was a Cuſtom among the 
Aſtronomers, to place the Eye in the Center of the 
Earth, to view from thence the apparent diurnal 
Revolution of the Heavens; which would from 
thence be ſeen an equable Motion: We will on 
the contrary, carry the Spectator to ſome im- 
moveable Place in the Heavens ; that the real 
and abſolute Motions may be obſerved from 
thence, as much as they can be, equable and uni- 
form. For the Aſtronomers of all Sets do agree, 
that the Motions of the Planets are in themſelves 
ſimple, regular, and uniform: But when the Hea- 
vens are viewed from the Surface of the Earth, 
or even from its Center, the Planets ſeem to be 
carried by very unequal Motions, and not to 
obſerve any regular — ; and therefore we 

The Planets may certainly conclude, that our Earth is not 


h - i a 
noon (te placed in the Center of their Motions. He there- 


unequal, and fore that would obſerve the real and proper Mo- 


irregular 
Mietions, 


tions of theſe Celeſtial Globes, muſt firſt place 
himſelf 
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himſelf in the Center of the Sun, or in ſome Lect. III. 
point or Space not far diſtant from it; and then wy 


7 him conſider what will be the Appearances or 


henomena he will behold from thence. 


Ap, firſt, it is to be noted, that wherc-ever The Seca. 


the Spectator reſides, 


\ 


+ 


4 


iſtances from one an- 


ter, and whoſe Surface is at an immenſe Di- 


ſtance, in which Surface all the heavenly Bodies 


will ſeem to perform their Motions. Thus, tho' 
the Moon be many Millions of Miles nearer to 
us than the Sn, and he again much nearer than 
the fixed Stars, yet all appear as placed in the 
ſame concave Surface of the Heavens: And 
even the Clouds, which are but a few Miles 
above us, would be judged to be as far diſtant as 


the Moon and Sun, if they did not ſometimes 


cover them, and obſcure their Light. In what- 


ever Place therefore the Spectator reſides, whether 
At be in the Earth, or the Sun, or in Saturn, the 


furthermoſt of the Planets, or even in a fixed Star, 

hat Place will be looked upon by its Inhabitants as 

te middle Point of the Univerſe, and the Center of 

the World; ſince it is the Center of that Spherical 

why in which all diſtant Bodies ſeem to be 
aced. 


he will ſtill be in the Cen-# #5 40. 
ter of his own View; for in an indefinite Space, 
where there is nothing to bound our Proſpect 
all Objects that are at a front Diſtance from us, View. 
tho' they be at immenſe 
other, yet, if they appear in the ſame right Line 
which paſſes through the Eye, will be ſeen at 
= the ſame Point of Space; and all Bodies will 
appear equally remote, when their Diſtances from 
us become ſo great, that the Eye cannot eſtimate 
or judge of them: And conſequently the Specta- 
tor will look upon them all as placed in the Sur- 
face of a Sphere, which has the Eye for its Cen- 


Tways in the 
Center of 


is owon 


A Spectator therefore living in the Sun, when The Pre. 
je looks towards the Heavens, will obſerve its f the 


purface to be ſpherical-concave, and concen- 


World from: 
the Center of 


Trical to his Eye; in which Surface he will ob- «e Sun. 


g&rve an innumerable Multitude of Szars, which 
C 2 we 
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Lect. III. we call Fixed, every-where diſperſed throughout 
Wy ww the whole Heavens, which, like ſo many gilded 
Studs, with a bright Luſtre adorn the Firmament. 

Theſe Stars we call Fixed, becauſe, as ſeen from 

the Earth, they preſerve the ſame immutable Po- 

ſitions and Diſtances from each other; and ſo 

trom the Sun likewiſe, they will appear always to 

retain the ſame Situations in reſpect of one an- 

other, nearly as they are obſerved ro have when 

ſeen from the Earth. For their Diſtance either 

The immenſe rOM the Earth or Sun is fo great, that the little 
Diſlance of Change of Place, (however great it be, when com- 
ebe fixed pared to our common Meaſures) which is made by 
8 bee a Spectator from the Earth to the Sun, 
will ſcarcely make any Change in the viſible Si- 
tuation of the Stars. Now, tho' the fixed Stars 

ſeen from the Earth do always preſerve the ſame 
Diſtances, Poſitions and Situations in reſpect of 

one another, yet in reſpect of the Eye we obſerve 

The Star them to change their Poſitions, and ſometimes 
change their they ſeem to mount higher in the Heavens, and 
Poſition in to come more perpendicularly over us; then they 
144 Wes. deſcend again, and appear to turn round in Circles, 
tor, ſome in greater, ſome in leſs, about an Axis which 
is the Axis of the Earth: And this Circumvolu- 

tion of theirs is. every Night to be obſerved from 

the Farth ; but whoever would view them from 


the Center of the Sun, would perceive them abſo- 


Jutely immoveable, and always abiding in the ſame 
Place oi the Firmament. And this Appearance 
will be the ſame, whether the Stars do really reſt 
in the ſame Place; or whether the Heavens, in 
which the Stars are placed together with the Sun, 
revolved round the Axis of the Earth : For if 
there were really any ſuch Revolution of the Hea- 
vens, a Spectator in the Sun would have that Mo- 
tion in common with the Stars; and therefore he 
could be no more made ſenſible of it, than a 
Paſſenger in a Ship can obſerve by his Senſes the 
Courſe and Motion of the Ship. 

BES1DEs the innumerable Stars at Reſt, there 
are Six other ſhining Globes to be obſerved, 


which 
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which perform their Circulations round the Sun, Lect. III. 
in very different Periods of Time: And therefore. 


they muſt have conſtantly variable Poſitions, and 
be always changing their Diſtances from one ano- 
ther, as well as from the quieſcent Stars. Theſe 
Globes or Stars are called Planet, which {ignites 
Wanderers, and one of them is the Farth, the Place 
pf our Abode. And even tho' we ſhould ſuppoſe 
the Earth to be at Reſt, and that the Sun did real- 
Ay move round it in the Space of a Year, yet a 
Spectator in the Sun would obſerve, that the Earth 
turned round about him; and would ſee it deſcribe 


the ſame Circle in the Heavens, that we in the 


Earth obſerve the Sun to perform his Courſe in; 
as we ſhall afterwards demonſtrate. 


Tag Names and Characters, or Marks for the The fx 


= Planets are Saturn h,; Jupiter X, Mars &, 
Earth S, Venus g, Mercury 5. Theſe 
racters were invented by the Aſtronomers, as Ab- 
breviations in Writing. The Planets do all turn che 


ſame Way as the Sun from the Veſt to the Eaſt Tis Planes 


.. Planets, or 
Pg Wanderc 1s. 


in Orbits which lie in Planes, which are not much #1" 7nd 


$ inclined to one another, but nearly coinciding 


tie Sun from 
© Wet ro 


# So that the Planes of theſe Orbits in the Hea- pag. 


# vens, being little inclined to one another, make 


+ Angles with that Circle in which the Earth is 
# ſeen to turn round the Sun, but of a very few 
As all Planes that are not parallel, 


\ 


cut one another in right Lines; fo the Planes of 
the Orbits in which the Planets move, 


cut one 
another in Lines that paſs through the Sun's 
Center; and therefore a Spectator there placed 


will be in the Plane of each Orbit, and will ob- 


"IE. < 


ERS) 


ſerve that the Planets moving in the concave Sur- 
face of the Heavens, perform their Motions in 

great Circles, which divide the Heavens into 

equal Portions. Now the Eye being, in this Si- 

tuation, in the Planes of all the Planets Orbits, 

can never by that Means judge of their different 

Diſtances fiom the Sun ; for from thence they 

will all ſeem to be at the ſame Diſtance from him : 

And therefore to ea”, their different Diſtances, 

N 3 as 


3 
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Lect. III. as well as Periods, it will be neceſſary that our 
LW ao Spectator ſhould remove from the Sun, and riſe 
| above the Planes of all the Orbits, in a Line 
= perpendicular to the Plane of the Earth's Orbit ; 
1 and, for Example's ſake, let us ſuppoſe him to riſe 
lb ſo high, as that his Diſtance from the Sun may 
= | equal the Earth's Diſtance from it, and let him 
= | there make his Aſtronomical Obſervatory : From 
rhence he will not only obſerve the ſame fixed 
Stars in the ſame Polition as before, but he will 
ſee both Sun and Planets in the Heayens : The 
Sun indeed will appear like the fixed Stars, immove- 
W | able; bur the Planets will be ſeen to turn round 
| In leſſer Circles about him, at very different Di- 
ſtances, and in different Periods : They who 
finiſn their Circuits ſooneſt, are ſeen neareſt to 
1 the Sun, and the Circles they move in are the 
| leaſt ; they who take a longer Time in revolving, 
deſcribe larger Circles, and are further removed 
2 Ph from the Sun; and the Order of the Planets will 
ts, be ſuch as is repreſented in Figure 1, Plate II. 
Where the Sun remains unmoved in the Center 
of all the Orbits; round about him fix Planets 
| make their Revolutions, viz. Mercury, Venus, the 
bil Earth, Mars, Jupiter, and Saturn, all from the 
"nl Weſt to the Eaſt, according to the Order of the 
10 Plate II. Letters AB CD. Mercury is next the Sun, and 
Fig. 1. finiſhes his Courſe in three Months: Venus, in an 
Orbit ſomewhat larger, performs her Period in 
eight Monchs: Beyond the Orb of Venus, is that 
of the Earth, which revolves round the Sun in the 
Space of a Year: Mars takes two Years to com- 
prone his Circulation : And Fupiter, at a much greater 
| Diſtance, does not finiſh his Revolution till after 
twelve Years: The furthermoſt and {loweſt of all 
| is Saturn, whoſe Orbit includes all the others, 
N and requires not much leſs than 30 Years to com- 
6 * plete his Courſe. 

| 

| 


The antient Ts was the antient Syſtem of the World, 
which was at firſt introduced into Greece by the 
Rem. great Pythagoras, and his Diſciples, who had 
| learned it from the wiſe Men of the * to 
| whom 


e 


; 
whom, as to an Univerſity, they then all reſorted Lect. III. 
for Inſtruction. *Tis true, the other apparent Sy- WW Nao 


LECTURES. 


ſtem, which ſuppoſes the Earth immoveable, and 
the Heavens to revolve about it, was received 


among the vulgar and illiterate Part of Mankind; 
yet the Philoſophers retained the true Syſtem, *till 


Arxiſtotle, and the Philoſophers that came after 


him, degenerating from their Predeceſſors, and 


not being acquainted with true Philoſophy, em- 


braced the common Syſtem of the Vulgar : So 
that the antient Syſtem was forgot, and not mind- 
= ed, till the Time of Nicolaus Copernicus, who again 
> brought it to Life, and retrieved it from Obli- 


vion, and eſtabliſhed it by ſolid Arguments and 


- Reaſons : Whence this Syſtem is now called the 
Copernican Syſtem. After the Invention of Tele- 


| _— the Secundary Planets, with many new 


and unthought of Appearances, were obſerved in 
the Heavens by the Aſtronomers, which did won- 


derfully inlarge the antient Syſtem, and confirm'd 
it with invincible Demonſtrations. 


* Ir a Spectator ſhould with a Teleſcope more The Pla- 
nearly view the Plancts, he will ſoon find, that 
they are ſpherical Bodies, and opake, like out cal Bodies. 


+ Earth; having no proper Light of their own, but 
that they ſhine with the borrowed Light of the 
Sun; for that Side of them which is turned to- 


+ ah es YI 
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> wards the Sun, is always illuminated; and it is by 
the reflected Light of the Sun, that they become 


viſible: But the Side oppoſite to the Sun, which the 


> borrowed Rays cannot reach, remains dark and ob- 


ſcure. And beſides this, as all opake Bodies do, 
the Planets caſt a Shadow behind them, which 


is always oppoſite to the Sun. The Line in the 
| Planet's Body, which diſtinguiſhes the lucid Part 
from the obſcure, appears ſometimes right, ſometimes 
| Crooked: And it is. ſometimes convex towards 


the ſplendid Part, and concave on the obſcure ; 


= fometimes, on the contrary, it appears con- 
vex towards the obſcure Side and concave to- 


- 
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* wards the ſhining Face of the Planet, according 


to the different ſituation of the Eye in reſpect of 
C 4 the 
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Lect. III. the Planet, and of the Sun which illuſtrates the 
planet; which different Poſition is likewiſe the 
Caute why ſometimes we ſee a greater, ſometimes 
a leſſer Portion of the iliuminated Face; as it ought 
to be in ſpherical opake Bodies, which are expoſed 
to the bright Light of the Sun. 
The Secun- THREE of the Planets, viz. The Earth, Ju- 
dary Pla- piter, and Saturn, have other leſſer Planets, which 
188 continually accompany them; theſe are called Se- 
cundary Planets, Moons or Concomitants; for 
they conſtantly keep cloſe to their reſpective Pri- 
maries, and always attend upon them in their Cir- 
culation round the Sun; and in the mean Time 
each of them performs his proper Revolution 
round his proper Primary. The Earth indeed has 
The Earth Only the Moon to keep her Company, who never 
is accompa- forſakes her in her annual Courſe round the Sun, 
_ 9 „e and while ſhe attends upon us, ſhe performs pro- 
per Circulations of her own round the Earth, in 
the Space of a Month. 

Thar the Moor appears fo large to us, and 
ſhines ſo brightly beyond all the Stars, and in 
Bigneſs ſcems to equal the Sun, is owing intirely 
to her Nearneſs to the Earth; for a Spectator in 
the Sun would ſcarccly be able to obſerve her with- 
out a Teleſcope ; and therefore, if ſhe were as far 
removed from us as the Sun, ſhe would be ſo ſmall, 
as ſcarcely to be viſible by an Eye that is not afliſt- 
ed by a Glaſs. 

JupiTER has four Moons that attend him, 
which at different Diſtances, and with different Pe- 
riods, perform conſtant Circulations round him ; 
that which is next to him, is no further removed 
than 2+ of his own Diameters, and turns round 
in one Day, eighteen Hours and an half. The 
ſecond, at the Diſtance of 43 Diameters, deſcribes 
its Orbit in the Space of three Days, and thirteen 
Hours. The third is removed from Jupiter, ſeven 
of his Diameters, and finiſhes his Circulation in 
ſeven Days, four Hours. The furthermoſt com- 
ron his Period in the Space of 16 Days, 163 
Hours, at the Diſtance of 12 Diameters of Jupiter. 
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Tuksg Jovial Planets were firſt obſerved by Lect. III. 
that noble Italian Philoſopher Galileus, by the Help Vas 


of the Teleſcope which he firſt invented ; and by 
them he increaſed the Number of the Celeſtial Bo- 
dies, and called them Medicean Stars, in Honour 
of the Dukes of Tuſcany, with whoſe Name he 
dignified them. By the Benefit of theſe new-dif- 
covered Worlds, Aſtronomy and Geography have re- 
ceived many particular Advantages. 


SATURN 22 his Courſe round the Sun Saturn has 


with no le 
them, by reaſon of their great Diſtance from the 
Sun, and the Smallneſs of their own Bodies, are 
not to be ſeen but by the Help of very long Te- 
leſcopes: The acute Eyes of Mr. Caſſiui the 
French King's Aſtronomer, were the firſt that reach- 
ed all that have been already diſcovered; and but 
of late they have been ſeen in Britain, by means 
only of that Teleſcope which was given to the 
RoyaL SociETY by the illuſtrious Mr. Hagens. 
The Diſtances of theſe Planets from Saturn, and 
their Periodical Times, are as followeth. The 
neareſt completes his Revolution in one Day and 
7; and is diſtant from Saturn's Center 4 fl of his 
Semidiameters. The ſecond revolves about Saturn 
in 2 Days 17 Hours, and the Semidiameter of his 
Orbit is 5 4 of the Semidiameters of Saturn. 
The third finithes his Revolution in 4 Days and 12 
Hours, at the Diſtance of 8 Semidiameters. The 
fourth completes his Period in 16 Days, and is di— 
ſtint from Saturn 18 of his Semidiamerers. The 
fifh and outermoſt takes 79 Days to finiſh his 
Caurſe, and is 54 Semidiameters of Saturn diſtant 
fron him. 


$ than five Attendants, tho* moſt of fe Moons. 


BisiDEs theſe Attendants, Saturn has an Or- Saturn's 


namenr peculiar to himſelf; for he is dignified N.. 


with a Ring which ſurrounds his Middle, and does 
no-wtere touch his Body; bur by an exact Libra- 
tion aid Equiponderancy of all its Parts, ſuſtains 
itſelf Ike an Arch; and being thus ſuſpended by 
Geometry, it is kept from falling upon his Body. 
The Diameter of this Ring is more than _— 
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Lect. IV. of the Diameter of Saturn; and tho* the Thickneſs 

wy of this Ring on the convex or concave Side be 
but ſmall, yet its Breadth or Depth is ſo great, 
that it takes up the Half of that Space which is 
between its outward Surface and the Body of 
Saturn, the reſt of the Space remaining void : 
that in proper Situations we can ſee the Heavens 
berween the Ring and the Body. For what Pur- 
poſe this admirable Ring was made, we know 
not; and perhaps we never may come to the 
Knowledge of it, fince we find nothing in Na- 
ture like it; but yet we cannot but admire the In- 
finite Majeity and Power of GOD, who in this 
our Age, has diſcovered and ſhewed us new and 
unthought of Inſtances of his Greatneſs. 


OEOSOS OE DELLS LSIVRDS LE SLE DSDS DS, 


LECTURE: IV. 
In d hich is proved that the Syſtem Ex- 


plained in the former Lecture, is the 
true Syſtem of the World. 


BELL T may perhaps be objected againſt the 
>| Syſtem of the World delivered in out 
laſt Lecture, that we feigned and 
imagined our Spectator carried up 
into Heaven, and from thence to hare 
feen with his Eyes the Motions, Situations, aad 
Order of the Planets which we there explained. 
But this was only done in Imagination, and there- 
fore being nothing but a Fancy or Fiction, the 
Syſtem we have given upon that Suppoſtion, 
will be likewiſe only a Fiction or Hypoheſis, 
and may not anſwer to the Reality of Things Can 
there not, by the ſame Liberty of Fancy, any 
other Order of the Planets be ſuppaſed, and another 
Syſtem be given quite different from ours 2 Can- 
OC 
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not we, relying upon our Senſes, place the Earth Lect. IV. 


and Planets, and all the Stars, to move round it, as 
our Eyes teſtify to us that they do? And from ſuch 
Poſitions cannot we explain all the Appearances of 
their Motions ? 

I anſwer, that altho' we fanſied our Specta- 
tor raiſed up ro the Heavens, and from thence to 
have looked upon the Sun and Planets; yet the 
Order, Motions, and Poſitions of the Planets, 
which would be ſeen upon that Suppoſition, and 
which we explained in the preceding Lecture, 
is no Fancy, or Fiction of the Imagination, bur 
is as real, certain, and indubitable, as if a Specta- 


; in an immoveable Poſition, and ſuppoſe the Sun (GFW WI 


tor were there, and ſaw it with his Eyes. A Tue Aftro- 


true Aſtronomer feigns nothing without ſolid and 


mits 


ſufhcient Reaſons, he takes Nature for his Guide Fiss. 


nomy ad. 


of no 


ons, 


and Rule, and lays his Foundations on Obſer- Herbs. 


vations : He raiſes his Syſtem upon Phyſical 
Cauſes, and invincible Geometrical Demonſtrations, 
with which, as with an indiſſolvible Cement, 
he joins and binds the whole Fabrick together. 
The Hypotheſes of Ptolemy and Tycho may truly 
be called Fictions ; for they have nothing in them 
but a bare Suppoſition, on which without any 
Reaſon they depend; and they diſtort and diſorder 
the whole Frame of Nature. But the true Aſtro- 
nomy is the moſt antient of all; for it was pre- 
ſerved in the School of the Pythagoreans, to whom 
it was delivered by the firſt Aſtronomers, either 
Egyptians or Chaldeans : It has all its Parts fitly 
joined together in a moſt agreeable Harmony and 
Order; it leads us to the Knowledge of the Uni- 
verſe, and the wonderful Symmetry, Beauty, and 
regular Diſpoſition of all the Bodies that compoſe 
it. There is nothing in Nature that does more 
ſhew the piercing Force of human Underſtand- 
ing, the Sublimity of its Speculations, and deep 
Reſearches, than true Aſtronomy. Ir raiſes our 
Minds above our Senſes ; and even in Contradi- 
ction to them, ſhews us the true Syſtem of the 
World: The Faculty of Reaſen by which we have 

| mace, 
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Lect IV. made theſe great Diſcoveries in the Heavens, 
GY Yq mult needs be derived from Heaven, ſince no 
carthly Principle can attain ſo great a Perfection. 
And ſince the Origination of our Minds is from 
Heaven, it may be expected, that they will en- 
deavour to return thither, and Heaven will be- 
come our final Habitation: We will here declare 
in few Words, ſome of the Ways by which the 
Mind arrived to the Knowledge of theſe heavenly 
Diſcoveries. 


A Demon- PIRST, it is certain that where-ever the Sun be 
1 placed, the Orbit of Venus does ſurround him, and 
tuen round includes him within itſelf; and therefore Venus, 
the Sun, While ſhe deſcribes this Orbit, does really turn 
round the Sun; for Venus has been obſerved to 
be above or beyond the Sun, ſometimes it has 
been ſeen below it, or between the Sun and us. 
That Venus aſcends above the Sun, is plain from 
hence, that when ſhe is in Conjunction with the 
Sun, that is, when the is ſeen from the Earth, near 
the fame Part of the Heavens that the Sun is in, 
her lucid Face appears in a full and round Fi- 
gure: For ſince all the Planets borrow all the 
Light with which they ſhine, from the Sun, it is 
neceſſary that that Face of hers ſhould be lucid, 
which 1s towards the Sun, and that which 1s turn- 
ed from him, be involved in Darkneſs ; and there- 
fore when the ſhines with a full and round Face, 
that Side of her which is towards the Sun, is alſo 
towards the Earth; and therefore, at that Time, 
ſhe muſt be above the Sun; for in no other Poſi- 
tion, could her illuminated Face be towards the 
Earth, when ſhe is ſeen in Conjunction with the 
Plate II. Sun. In the Figure, let S repreſent the Sun, T the 
Fig. 2 Earth, and let Venus be in F or V, where ſhe 
can be ſeen from the Earth, in the ſame Part of 
the Heaven that the Sun is ; and ſhe will appear 
to have a full and round ſhining Face; becauſe 
that Side of her which is illuminated, and is to- 
wards the Sun, is likewiſe turned towards the 
Earth; and therefore the Place of Venus, in that 
Caſe, muſt neceſſarily be abave the Sun. TVS 
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Venus is alſo ſometimes below the Sun, or between Lect. IV. 
the Sun and us, is evident from hence ; tha 


ſomerimes, when ſhe is in Conjunction with the 
Sun, ſhe either quite diſappears, or, if ſhe is viſi- 
ble, ſhe appears horned, and takes exactly the 
Shape of a new Moon: And therefore that Face 
of hers which is towards the Sun, either is wholly 
turned from the Earth as in G; or only a very (mall 
Part of the illuminated Face towards the Earth ; 
and can be ſeen by its Inhabirants, as in H, in which 
Caſe ſhe aſſumes a horned Figure as the Moon 
does; and therefore at that Time ſhe muſt of Ne- 
cellity be placed between the Sun and us, and come 
lower or nearer to us, than the Sun is. Once Ve- 
uus was ſeen within the Body or Disk of the Sun; 
bur there was but one Man who had the Happi- 
neſs to be Witneſs of the Sight, our Country-Man 
Mr. Horrox, who in the Year of Chriſt 1639, 
obſerved it with his Teleſcope to enter upon 
the Body of the Sun like a black Spot. This is 
a Sight which can ſeldom be obſerved ; for it will 
not be ſeen again in the Sun's Body, *rill the Year 
1761, upon the 26th Day of the Month of May in 
the Morning; at which Time all our Aftronomers will, 
no doubt, be buſy in making their Obſervations ; for 
by them our Diſtance from the Sun can be nearly 
determined, which before that Time is not eaſily 
to be aſcertained. Beſides this, Veuus is always ob- 
ſerved to keep near the Sun, and in the ſame Quar- 
ter of the Heavens that he is; for ſe never recedes 
trom him beyond a certain Diſtance of about 45 
Degrees; ſo that ſhe never comes in Oppolition 
to the Sun, or to be ſeen in the Eaſt when he is in 
the Weſt, nay, ſhe never attains or arrives at a 
Quartile Aſpect with him, or to have a fourth 
Part of the Heaven between her and him, which 
would neceſlarily happen, did ſhe perform her Pe- 
riod round the Earth either in a longer, or ſhorter 
Time, than the Sun does. 


AFTER the ſame Manner Mercury always keeps The Ap- 
himſelf in the Neighbourhood of the Sun, and grace. of 


never recedes from him ſo far as Venus does 3* 


Venus. 
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Lect. IV. He hides himſelf ſo much in the Splendor of the 
uns Rays, that he is but ſeldom ſeen by us on 


The Orbit 


of Mars in- 


clndes the 


the Earth; but ſince the Invention of Teleſcopes, 
he has been frequently obſerved, when in Con- 
junction with the Sun, to paſs under his Disk 
like a black Spot, as Venus was ſeen by Mr. Hor- 
rox: The exceeding Brightneſs by which Mercury 
outſhines all the Planets, does evidently prove 
him to be much nearer the Sun than any of the 
reſt; for the nearer any Body is to the Sun, the 
| +-ong is the Illuſtration it receiveth from him. 

rom all this it is evident, that Mercury does like- 
wiſe go round the Sun in a lefler Orbit, included 
within the Orbit of Venus; which therefore muſt 
neceſſarily be his Place, for no other can be aſ- 
ſigned him. 

Mas is not like Mercury and Venus; for he 
often comes in Oppoſition to the Sun, and appears 


Sun within to riſe in the Eaſt, when the Sun ſets in the 
it, and lite- Veſt, and therefore his Orbit includes the Earth 


wiſe the 
ch. 


Plate II. 
Fig. 3. 


within it, and not only the Earth, but it neceſſa- 
rily includes the Sun likewiſe; for Mars, when he 
is ſeen near the Conjunction with the Sun, if he 
were between the Sun and Earth, would either 
we diſappear, or appear horned in the ſame 

hape that Venus and the Moon have in that Poſi- 
tion; but he always preſerves a full, round, and 
ſhining Face, except near his Quadrat Aſpect, that 
is, when there is about a fourth Part of the Hea- 
vens between the Sun and him; then he is ob- 
ſerved to be ſomewhat gibbous, like the Moon, 
three or four Days before or after the Full. 

LEr S repreſent the Sun, T the Earth, and the 
Circle MN PR the Orbit of Mars; it is plain 


that Mars, in both M and P, muſt ſhine with a 


full Face upon the Inhabitants of the Earth, be- 
cauſe that in both theſe Poſitions his Face, which 
is towards the Sun, and by it illuminated, is 
likewiſe towards the Earth: But in N and R, 
he will appear a little gibbous or deficient from 
Full. Beſides, Mars, when he is ſeen in Oppo- 
ſition to the Sun, looks almoſt ſeyen times larger, 
in 
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in Diameter, than when he is near to a Conjunction Lect. IV. 
with him; and therefore he muſt needs be ſeven . 


times nearer to the Earth in the one Poſition than 
in the other. From hence it is plain, that tho' the 
Earth lies within the Orbit of Mars, yet it is not 


keeps nearly at the ſame Diſtance from the Sun, Comer of © 
and therefore it is evident, that it is not the Earth, Mars's O- 
but the Sun, which Mars reſpects as the Center bit. 
of his Motions: For Mars ſeen from the Earth 
7 rs to move very unequally, ſometimes to go 

aſter, ſometimes ſlower; ſometimes he ſcarcely 
ſeems to move at all, and ſometimes he even 
goes with a backward Motion; whereas a Specta- 

tor in the Sun would always ſee Mars go for- 
ward in the ſame uniform Tenor: And therefore 

it is moſt evident that the Sun is the Center, 
and not the Earth, of Marss Motions. Again, 

ſince the ſame Appearances are obſerved in Fa- 
piter and Saturn, as in Mars, (though the Diſpro- 

portion or Difference of the Diſtances is not ſo 
great in Jupiter, as in Mars; nor fo great in ̃ 
Saturn, as it is in Jupiter) and the Motions of Ie ſame 
theſe two Planets are no ways uniform round ee 
the Earth; yet from the Sun their Motions will En 
be ſeen to be regular and orderly : Ir is plain 

from hence, that the Sun and not the Earth, is 

in the Center of all the Orbits of the Planets. 
The Place of the Earth we bave demonſtrated 

to be without the Orbits of Mercury and Venus, 
and within the Orbit of Mars; and therefore 

its Place muſt needs be between the Orbits of Venus 

and Mars: And from thence it follows, that the 

Earth itſelf muſt turn round the Sun; for if it ſtood The Farrh 
ſtill, ſince it lies within the Orbits of the ſupe- we in 45 
rior Planets Mars, Fupiter, and Saturn, we might 2328 
indeed obſerve the Motions of thoſe Planets from 
the Earth, to be very unequal and irregular; but 
they would never appear to ſtand ſtill, or to go 
backwards, ſo long as the Orbits themſelves are 
uieſcent, as we demonſtrated in our firſt Lecture. 

ince therefore the Stations and Retrograda- 


tions 


near to the Center of his Orbit: But Mars always De Earth 
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Lect. IV. tions of theſe Planets are obſerved from the Earth; 
uud fince the Poſition of the Earth, or Place that 


A Demon- 
frration f 
the Earth's 
Mot ion. 
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it obtains in the Syſtem, is in the Middle of the 
moveable Bodies, having Mercury and Venus on 
one Side nearer to the Sun, and Mars, Fupiter, 
and Saturn, on the other Side, more remote; it 
being of the ſame Nature as they are, mult like- 
wiſe have the ſame Sort of Motions; and as the 
Earth is in the middle Place between Venus and 


Mars, ſo its Period likewiſe, in which it performe 

its Courſe round the Sun, is alſo a Mean between 

the Periods of Venus and Mars, being greater than 

the one, and leſs than the other : For Venus de- 

ſcribes her Orbit in eight Months; the Earth in a 

Year; but Mars takes near two Years to finiſh his 

Courſe. "= Squares 
THERE is another Demonſtration of the Earth's Mt of thei 

Motion drawn from Phyſical Cauſes, for which about 

we are indebted to the admirable Diſcoveries of The n 

the incomparable Sir Isaac NEWTOoN: He has covere 

demonſtrated, that all the Planets gravitate to- mary! 

wards the Sun: And Obſervations teſtify to us, that tt 

that either the Earth turns round the Sun, or the their N 

Sun round the Earth, in ſuch a Manner as that two 8) 

they deſcribe equal Area's in equal Times. Bur and S 

Sir Isaac has demonſtrated, that whenever Bodies that t 


turn round each other, and regulate their Motions 
by ſuch Law, the one muſt of Neceſlity gravitate 
to the other; and therefore, if the Sun in its 
Motion does gravitate to the Earth, Action, and 
Re · action being equal and contrary, the Earth 
muſt likewiſe gravitate to the Sun. He bas 
likewiſe demonſtrated, that when two Bodies 
gravitate to one another, without directly ap- 

roaching one another in right Lines, they muſt 
5 of them turn round their common Center 
of Gravity. The Sun and Earth therefore do both 
turn round their common Center of Gravity. But 
the Sun is ſo great a Body in reſpect of the Earth, 
which is but a Point, as it were in compariſon, of 
the Sun, that the common Center of Gravity, of 


the Earth and Sun, muſt lie within the Body 2 
the 
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itſelf, and not far from the Center of the Le. IV. 
San: The Earth therefore turns round a Point Www 
—Fhich is within the Body of the Sun, and there- 
fore turns round the Sun. This Argument drawn 
From Phyſical Cauſes I rake to be unanſwerable. 
CoMPARING the Periods of the Plaxets, or 
the Times they take to finiſh their Circulations, 
with their Diſtances from the San, we find 
they obſerve a wonderful Harmony and Propor- A mender. 
tion to one another; for the nearer that any Pla-/*! Fm: 
net is to the Sun, the ſooner does he finiſh his - At. ** 
Circulation, and his Motion is the quicker : And Period: of 
in this there is a conſtant and immutable Law *% Planets, 
A which all the Bodies of the Univerſe inviolably Difiances 
obſerve in their Circulations ; vis. That the from the 
XR Squares of their Periodical Times are as the Cubes Sun. 
$ o their Diſtances from the Center of their Orbits, 
about which they perform their Motions regularly. 
The moſt ſagacious Kepler was the firſt who diſ- 
covered this great Law of Nature in all the Pri- 
mary Planets ; afterwards the Aſtronomers obſerved, 
that the Secondary Planets did likewiſe regulate 
=their Motions by the ſame Law; and that in the 
two Syſtems of Bodies revolving about Jupiter 
and Saturn, this Rule is conſtantly obſerved,. 
that the Squares of their Periodical Times are 
as the Cubes of their Diſtances from their reſpec- 
tive Primaries. Thus the Moon or Satellite that 
is next to Fupiter, is diſtant from Fupiter's Cen- 

4 . 28 of Fupiter's Diameters, and he performs 
his Period in Hours. The outermoſt Satellite 


4 Fer his Orbit in 402 Hours. Say therefore, 


% 
Y 
* 
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1764 the Square of 42, is to 161604 the 
Square of 402; ſo is $22 the Cube of 25, to a 
fourth proportional Number, which by the Golden 
Male will be found nearly #3222? ; out of 
-*Fhich Number extract the Cube Root, and we 
have 2% or 124 for the Diſtance of the further- 
moſt Satellite from Jupiter. Now the Obſerva- 
tions of all Aſtronomers confirm, that this is the 
true Diſtance of that Satellite from the Center of 
Fupiter, and the fame Thing js to be obſerved 
| in 
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Tn Reaſon of this Law was unknown to Kepler, 


for he found it out only by Computation, com- 
1 the Planets with their 

of inveſtigating it from 
emonſtrating the Phyſical 
— © 

Sir Isaac NEWTON, who has demonſtrated, 
that without a total Subverſion of the Laws of 
Nature, no other Rule could take place in the Cir- 


aring the Diſtances o 
— But the Glor 
its proper Cauſe, and 

Neceſſity of this Law, was reſerved for the 


Reaſon and Culations of the Heavenly Bodies. 


Cauſe of this 


Harmony, 


SiNct therefore all Aſtronomers do unanimouſly 
2gree, that the Law we have above explained, is 
conſtantly obſerved by 14 great Bodies, of which 
there are more than one that turn round a com- 
mon Center, viz. five Primary Planets and nine 
Secondaries: And ſince the Moon turns round the 
Earth, if the Sun did likewiſe perform his Cir- 
cuits round it, according to this Law of Na- 
ture, the Moon and San ought to regulate their 
Motions in the ſame Manner; and therefore ſince 
the Moon finiſhes her Courſe in 27 Days, and the 
Sun in 365, and the Diſtance of the Moon is 
known to be about 60 Semidiameters of the Earth ; 
if we ſay, as 729 the Square of 27 is to 133225 
the Square of 365, ſo is 216000 the Cube of 60 
to another, which will be 39473251, the Cube 
Root thereof being 340, ought to expreſs the 
Diſtance of the Sun from the Earth, provided 
he governed his Motion by the ſame Law that 
all other Bodies do. Now the Aſtronomers prove 
by invincible Reaſons, that the Sun is more than 
30 times further from the Earth than 340 Semi- 
diameters of the Earth; for it cannot well be 
ſuppoſed ſo little as t0000 Semidiameters : Ac- 
cording to which Diſtance it could not turn 
round the Earth in leſs than 164 Years, 


if it obſerved the ſame Law which all other 
Bodies do. 


Now 


as likewiſe in the Satellites of 
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Now it is certain that the Sn does either Lect. IV. 
Furn round the Earth, or the Earth round the WW 
n, once in a Year. But it the Sn ſhould be -4 — 2g 
ade to turn round the Earth, the univerſal Law aa 
pk Nature would thereby be violated, the Har- Earth, 278 
nony and Proportion of the Motions deſtroyed, Prmonica 
nd a Confuſion and Diſorder introduced into the , e. 
Frame of the Univerſe. But if the Earth be ſally bold. 
made to go round the Sn in the Space of a Year, 

i will then perform its Circulation according to 

1 he fame Law which the other P/aners obſerve; 

and without the leaſt Exception there will be a 

ꝑmoſt beautiful Order and Harmony of Motions 
every-where preſerved thro' the whole Frame of 
Nature. F 

Ass we diſcover the mutual Relations and Like- 
meſs of Nature that is in the Plauets, in that 
they are like our Earth, Opake, Spherical Bo- 
dies, which are illuſtrated and ſhine with the bor- 
rowed Light of the San, round whom they all 
LCirculate, as we have ſaid, with a regular Har- 


z mony and Order: So likewiſe the Sun and all the 


bs 
3 
1 


fixed Stars which ſhine with their own native 
Light, and remain immoveable in their Places, 
are to be conlidered as Bodies of the {ame Kind 
and Nature. The Reaſon why our Sun appears to 
Ws ſo great and bright in compariſon of the Szars, 
Avhole weaker Lights diſappear as ſoon as the Sun 
Pegins with his Beams to refreſh and illuſtrate our 
Habitation, is, that the Earth at an immenſe Di- 
ſtance from all the reſt of the Stars, keeps near to 
Fe Sun, round whom ſhe always circulates; for a 
Spectator placed as near any of them as we are to 
Hur Sun, would fee a Body as big and bright as 
e Sun appears to us, and every Way like our 
un. A Spectator as far diſtant from our Sur as 
Me fixed Stars are from us, would obſerve our 
Nun as ſmall as a Star, and no doubt would rec- 
Kon the Sus as one of them in numbering the 
Stars. All the fixed Stars therefore are Suns, and 
the Sun differs in nothing from a fixed Star. 
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Lam un the Earth: is t ch 3 ee! 


from the Sn, that if it were to be ſeen from 7 
his Body, it would appear no bigger than a Point; 


yet that Diſtance is ſo very ſmall in compariſon ? 
of the exceeding great Diſtance of the neareſt? 
fixed Star, that if the whole Orbit, in which we 
have ſaid the Earth moves round the Sun, were 


ſeen from a Star, it would appear likewiſe no 


bigger thay a Point. For the Angle under which ; 
s Orbit appears, 


the whole Diameter of the Earth 


is ſo very ſmall, that our quickeſt and moſt ſharp- bi 


lighted Aſtronomers can ſcarcely obſerve it. They # 


who have been moſt diligent in obſerving this 


Angle, (which they call the Parallax of the great 
Orbit, that is, of the Orbit in which the Earth 
moves) have always found it to be leſs than a 
Minute; and therefore the fixed Stars muſt be at 


leaſt 10000 times furcher from us, than we are 


from the Sun. 
Hence it follows, that tho' the Earth ap- 
proaches nearer to ſome fixed Stars at one Time 


A 


1 


* 
: 
6 


\F * 
f \ 


of the Year, than it does at the oppolite Time, 


and that by the whole Interval of the Diameter of 
its Orbit, the Stars will not upon that Account 


ſeem bigger when it is neareſt to them, nor will 
the viſible Poſition of any two Straß be ſenſibly 


changed by the Motion of the Eartb. For even 


here on Earth, if there be two Towers that are 


near to one another, if they are to be ſeen by 
a Spectator who is ten Miles diſtant from each, 
it this Spectator approach nearer to them only by 
one Pace, which is the ten thouſandth Part of 


the Diſtance, he only approaching by ſo ſmall a 2 


Space, can no ways perceive the Towers bigger, 


or their Diſtance from one another greater. After 
the ſame Manner the Earth approaching a fixed 
Star, and coming nearer to it by the ten thou- = 


ſandth Part of the Diſtance between the Earth 
and it, a Spectator on the Earth, upon the Ac- 
count of ſo ſmall a Change of Place, will not find 


thereby any ſenſible Difference either of the Mag- 


nitude or Poſition of the Szar. 
| HENCE 


* 
2 
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Hauck it follows, that if the Sen were as far Lect. IV. 
e giſtant from us as the Srars are, that is 10000 Se-... 
Inidiameters of the Earth's Orbit, it would appear 
XZ 0000 times leſs, or under a ſmaller Angle than 

It does now. Now the Angle under which the 


[t n appears to us, is about half a Degree or 30 
- inutes; if the Sun were removed as far from us 
es the fixed Stars are, he would be ſeen under an 
þ Angle of but the thouſandth Part of three Mi- Angle F 


nutes; that is, under an Angle no bigger than ten 5% Sun 

Thirds, which is altogether imperceptible; and no would ap- 
bigger would the Angle be under which a SpeCta- fear ſeen # 
tor placed among the fixed Stars would obſerve” hag 

= the Sun. 
a AGaINsT this Poſition of ours ſome may ob- 
h © ject, that if the Diſtance of the Stars be fo 
great, they themſelves muſt be vaſtly larger than 
i our Sun; for they cannot, according to them, be leſs 
than a Sphere, whoſe Semidiameter equals the 
=> Diſtance between the Sun and us; for they aſſert, 


-i that the Szars, at leaſt thoſe of the firſt Magni- 
©” tude, are ſeen under an Angle at leaſt of one 
Minute: But the Orbit of the Earth ſeen from the 
fi xed Stars does not ſubtend a greater Angle; and 
therefore the Diameter of the Stars is not leſs than 
| the Diameter of the Earth's Orbit. Now that 
Sphere whoſe Semidiameter equals the Diſtance 
= between the Sen and Earth, is a Million of 
times greater than the Sn; conſequently the 
fixed Stars muſt be at leaſt a Million of times 
greater than our Sun: Since therefore there is ſuch 
enormous Difference in their Bigneſs, it cannot 
be ſuppoſed that the Sun and fixed Stars are Bodies 
of the ſame Kind, | | 
Bur they who aſcribe ſuch immenſe Magni- Tze fixcd 
tude to the fixed Stars, are much deceived in Stan have 
their Meaſures; for their apparent Diameters are Bias, 
not near ſo great as they ſuppoſe them to be: For ut lo like 
really theſe Diameters are ſo extremely ſmall, Points. 
that if _ be rightly obſerved, they appear like 
> ſo many ſhining Points without any Breadth or 
Diameter at all; and there can be no Obſervations 
D 3 nice 
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ASTRONOMICAL 


ya Diameters can be meaſured, or reduced to any 


Which is 
demonſftira - 


ted by the 
Tel 7 c Oe. 


determined Quantity. We obſerve about all fla- 


ming and ſhining Bodies in the Night, a kind 
of Irradiation or luminous Appearance, by which? 


their Diameters are ſeen a hundred or many 
more times bigger than they are; as it is plain i 
by the Experiment of a Candle placed at a 


= Diſtance, whoſe Flame ſeems to be much 
arger than it is when we come near it. This 


Irradiation is much diminiſhed, if they are look- 
ed at thro' a ſmall Hole made with a Pin in Pa- 
per; bur it is eaſier and more nicely taken away, 


when they are ſeen thro' a Teleſcope, which 


deſtroys the adventitious Rays, and ſhews us the 


— Stars as ſo many lucid Points. Now tho? 


Teleſcopes do increaſe the Diameters of Bodies 
very much, yer the fixed Stars ſeen thro' them 
appear ſtill ſo ſmall, that we have flo Meaſure 


of any determined Magnitude, but what is greater 


than theirs ſeem to be; a Teleſcope magnifying 
a hundred times, ſhews them only like ſhining 
Points; and therefore I cannot but wonder why 
Ricciolus ſhould ſuppoſe the apparent Diameter 
of the Dog-Star or Sirivs to be 18 Seconds; 
for if that were the Angle he ſubtended to 
the naked Eye, a Teleſcope which magnifies 
200 times, would ſhew that Star under an Angle 
of 3690 Seconds or one Degree, ſo that he would 
appear to have a Disk four times greater than 
the Sun and Moon have. And yet Obſervation 
teſtifies, that ſuch a Teleſcope ſhews us Sirius no 
bigger than a Point, at leaſt not larger than the 
Planet Mars: But Mars, when he is neareſt us 
and biggeſt, ſubtends an Angle of about 30 Se- 
conds; therefore, if the Diameter of Sirius mag- 
nified 200 times is but 30 Seconds, its apparent 
Diameter without magnitying will be the 200th 
Part of 30 Seconds, or W of a Second, that is 
nine third Scruples or Minutes, or nearly equal 
to the Sun when it is ſeen at the Diſtance of 
the fixed Stars, as we ſhewed before: The 


Sun 


— - — > 
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Bodies of the ſame Kind. 
Sic the fixed Stars appear ſo ſmall, and 
*Fubtend at the Eye ſuch unperceivable Angles, 
* 4 Some will wonder how they come to be at all ſeen, 
in MFſince there are Bodies which would ſhew them 
X ſelves under larger Angles, that are yet ſo ſmall 
h as not to be looked at without a Microſcope : 
13 But all flaming and fiery Bodies can be ſeen at 
X great Diſtances, even at ſuch from whence other 
Bodies, which have as large apparent Diameters, 
do quite diſappear, and become inviſible. Thus 
h X the Flame of a Candle in the Night- time is eafily 
perceived at the Diſtance of two Miles, where- 
> RX as in the Day-time an opake Object, tho' ſtrongly 
=” illuſtrated by the Sun, and fix times bigger than 
the Flame of a Candle, is not to be obſerved 
with the naked Eye at that Diſtance. For the 
native Light that theſe fiery and flaming Bodies 
| F ſend forth, is ſtronger and more piercing, and acts 
Au pon the nervous Fibres of the Retina with a greater 
= Force, than the Light reflected from opake Ob- 
== jects; for all Light is much weakened by Reflec- 
| tion. And it is upon the account of this brisk 
and ſtrong Light which flows from fiery Bodies, 
and which makes fo ſenſible Impreſſions on the 
Retina, that ſuch Bodies are judged to be ſo big 
in compariſon of others which affect us with a 


weaker Light. 


Fun therefore and Sirius are nearly of the ſame Lect. IV. 
Magnitude and Dimenſions, and may be eſteemed . 


HENCE it is evident, that all theſe Stars which 7% fixed 


of a fiery Nature, as our Sun is, nor are they fiery Bodies, 


much leſs, nor much bigger than he is, and there- 
fore are to be eſteemed as ſo many Suns. It 
is not to be imagined, that all theſe Suns are planted 
in one concave Surface of a Sphere, ſo as to 
be all equally diſtant from us; but it is more 


J 
4 remain immoveable in the Heavens, are Bodies Stats are 

N 

: 


reaſonable to ſuppoſe that they are ſpread every- gz, gxed 


where thro* the vaſt indefinite Space of the Uni- Stars are 
verſe, and that they are at great Diſtances from Suns. 


one another; ſo that there may be as great Diſtance 
D 4 between 


* 

4 
= 

'F 
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Lect. IV. between any two Suns that are next to one an- che Worl 
[[ Other, as there is between our Sz» and the neareſt Theatre 
fixed Star. Hence a Spectator who is near any Wiſdom 
one Sun, will only look upon him to whom he is 
neareſt as a real Sun, and the reſt he will conſider 
as ſo many ſmall ſhining Stars fixed in his Heaven 

' or Firmament. 

IT is no ways probable, that Gop Almighty, who 
always acts with infinite Wiſdom, and does nothing 
in vain, ſhould create ſo many Swns, and place them 

alone in indefinite Space, at ſuch great Diſtances. 
from each other, and not have made other Bodies, 
which he has placed near them, to be nouriſhed, 
animated, and refreſhed with the Heat and Light 
of theſe Suns: Thoſe who afhrm, that Gop created 
theſe great Bodies only to give us a ſmall dim 
Light, muſt have a very mean Opinion of the 
Divine Wiſdom. Ir is more reaſonable to ſuppoſe, 
that every Sun is ſurrounded with a Company of 
Planets peculiar to himſelf, which in different Pe- 
riods, and at different Diſtances, perform their 
Circulations round their proper San; and who 
knows but that ſome of theſe Planets may have 
Moons, and other Bodies, to attend them in their 
Circulations ? | 
An Idea of HENcE we may frame to ourſelves an admi- 
o * rable r Idea or Notion of the Vaſtneſs or 
Amplitude of the World, by imagining an indefi- 
nitely great Space of the Univerſe, in which there 
are placed innumerable Suns, which, tho' they ap 
to us like ſo many ſmall Stars, yet are Bodies which 
1 are not behind our Sun either in Bigneſs, Light, or 
Glory ; and each of them conſtantly attended with 
| | 2 Number of Planets, which dance round him, and 
| 
| 


ae 


conſtiture fo many particular Worlds or Syſtems: 
Every Sun doing the ſame Office to his proper Pla- 
ets in illuſtrating, warming, and cheriſhing them, 
. that our Sun performs in the Syſtem to which we 

_ . beang. . * -: | 
0 HzExcg we are to conſider the whole Uni- 
\'% yerſe as a glorious Palace for an infinitely Great 

and every-where-preſent Goo; and that — 
1 the 
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the Worlds or Syſtem of Worlds, are as fo many Lec. V. 
Theatres, in which he diſplays his Divine Power, Loway 


5 Wiſdom and Goodneſs. 
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LECTURE V. 


Of the Solar Spots. Of the Rotation 


of the Sun and Planets round their 
Axes: And of the fixed Stars. 


oN the Account of the great Di- The ces. 
277-7108) ſtance of the Sun from us, the Con- v of 
NU, vexity of his Body cannot be perceived 332 
9 wr, : - : Moon can 
IG by our Sight; nor is this a Wonder. ze be 
ſince the Moon, which is much 3 
to us, cannot be ſeen as a globular Body: But both . 
Sun and Moon ſhew themſelves to us, as if they 
were circular Planes, which we call Disks: And 
a Point in the Middle, which is really in the Sur- 
face, is ſaid to be the Center, or the Apparent 
Center of the Disk. 
IF the Sun thro” all its Parts were every-where 
equally bright, and ſhined with the ſame Luſtre, 
he might turn round his own Axis, and that Ro- 
tation no ways be perceptible, nor to be diſco- 
vered by our Senſes. But ſince in the moſt clear 
and lucid Body of the Sun, and in its pureſt Flame, 
many black Spots haye ſeveral times been ob- 
ſerved, it is by their Motion that we diſcover the Dart Spott 
Rotation of the Sun round its Axis: For theſe e the Sun's 
Spots have been obſerved to have firſt appeared Body. 
near the Margin of the Sun, and then by De- 
grees to have crept towards the Middle, or Cen- 
ter of his Disk; and from thence going ſtill for- 
ward, have arrived at the oppoſite Side or Edge 
of the Disk, where they have ſet or diſappeared ; 
| and 
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Lect. V. and ſome of them after ſetting, being hid or ab- 
ſconded in the oppoſite Side of the San for the 


Plate II, 
Fig. 4+ 


Space of about fourteen Days, have.again appear- 
ed in the Margin, and ſhewed themſelves, taking 
the ſame Courſe as before. Let the Circle 
AGHD repreſent the Sun's Disk; we often ob- 
ſerve ſome denſe and obſcure Subſtances, like 


our thick and terreſtrial Clouds, to appear in the 


Limb or Edge at A, which by Degrees move to- 
wards B, and at laſt arrive at the Middle of the 
Disk; after which, ſtill going forward, they ſhew 
themſelves in the oppoſite Point of the Circumn- 
ference at D; where after a little Stay, they at 


laſt vaniſh and diſappear. 


SoME of theſe Spots have been obſerved to 


- riſe in the Limb, and having traverſed the Disk, 


and ſet, after the Space of twenty-ſeven Days, 
have again been ſeen to riſe where they firſt 
appeared; and the Time they take to move thro” 
the Surface of the Sun oppoſite to us, during 
which Time they are inviſible, is juſt and equal 
to the Time in which they paſs over the viſible 
Disk. The Motion of theſe Spots in the Margin, 
at A or at D, appears to be flow ; when they come 
towards the Middle they ſeem to move quicker, 
and to deſcribe larger Spaces : Their Figures likewiſe 
change; for in the Limb they are ſeen more con- 
tracted and narrow, near the Center they look 


The Sun broader and larger; theſe Appearances exactly an- 


furms round fer to the Motion of ſome denſe and dark Bo- 


bis Axis. 


dies, which ſwim upon the Surface of the Sun, 
and are whirled by the vertiginous Motion of the 
Sun round his Axis. | 

SoME have imagined, that theſe Spots do not 
ſtick upon the Body of the Sn, but that they 
are at ſome Diftance from him, and that they 
perform their Circulations round the Sun in the 


ſame manner as Fupiter's Satellites circulate round 


Jupiter. But ſuch are eaſily refuted; for if the 
Spots were not on the Body of the Sun, but made 
their Circuits at a Diſtance from him, they 
could not be ſeen half the Time of their Period 

in 
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in the Body of the Sz; for ſuppoſe the Sun in Lec. V. 

A be feen from the Earth at B, under the Angle 

of zo Minutes: If the Spot were not on the Suns _ II. 

Body, but deſcribed the Circle EEG at ſome 8. 5 

Diſtance from him; it could not be obſerved o paſs 

under the Sun, till it came to E, where the right 

Line B D, touching the Disk, does cut the Orbit; 

and if we draw another Tangent to the Disk 

B G C, it would only be ſeen on the Surface of The Sport 

the Sun, while it deſcribed the Arch E G, which gre h, 

is much leſs than half the Periphery, and is deſcri- he Sun. 

bed in much leſs Time than half the Period, in 

which the Spot performs its Circuit. Now we know 

by Obſervation, that thoſe Spots which finiſh an in- 

tire Circulation, (for ſome of them have been ob- 

ſerved to make four or five complete Revolutions 

before they were diſſolved, each of which was 27 

Days) have taken 13 4 Days from the Time of their 

appearing, or riſing on the Eaſter Limb, to their 

Setting on the. Weſtern : And therefore, ſince the 

Spots are ſeen for half the Time of their Period up- 

on the Body of the Sur, it is plain their Orbits 

mult lie on the Sau's Surface. | 
Many Spots ſeem to be generated in the very Y, gene- 

Middle of the Disk, where they firſt begin to ap- _ of = 

pear: Others again ſeem to be diſſolved, and to 4 

vaniſh there; ſometimes ſeveral ſmall ones gather gain are 

together, and make a large Spot; and ſometimes 2 f _— 

large Spot is ſeen to be divided, and cut into ma- fipated. ſ- 4 

ny leſſer ones. The great Italian Philoſopher Ga- 1 

lileus firſt diſcovered them with his Teleſcope. 

Afterwards Scheinerus did more accurately obſerve 

them, who has publiſhed a large Volume about 

them. When he obſerved them, there were then 

$9 viſible in the Sen: From the Year 1650 to the 
ear 1670, there were rarely feen above one or 

two together; from that Time again many have 

been obſerved together; nor does there ſeem to 

be any certain Period of Time, or Law for their 

appearing, and Vaniſhing or Diſſolution. 


HisTo- 


„ ASTRONOMICAL 
* Lect. V. HisroR1ans tell us, that the Sun has been ob- 


AN ſerved for a whole Year to have appeared pale, 
The Sun bs: without that Luſtre and- Brightneſs it uſually gives; 
' ase r and that it hath not imparted its Heat and Light 
for 4 Year with the ſame Force and Vigour that it ordinarily 
together. does. It is probable, that this Weakneſs of Light 


1 did ariſe from a great Multitude of Spots which 
at that Time did beſet the Sun, and covered a 
large Portion of his Surface: For now we fre- 


quently obſerve Spots which are larger or broader, 
not only than Europe or Africk, but what eveu 
equal, if they do not exceed, the Surface of the 
whole Terraqueous Globe. 


i Tus Motion of the Spots is from the Weſt 
"nl | to the Eaſt, and by obſerving. the Sun nicely, we 


find that its Axis is not perpendicular to the Plane 
of the Earth's Orbit, which is called the Plane 


0, KG of the Echptick : But it is inclined, ſo as to make 


[! elined to rb an Angle with the Axis of the Orbit, or with a 
li Plane of the P icular to the Plane of the Orbit which 


Ecliptick. paſſes thro the Center of the Sun, which Angle is 
in Quantiry about ſeven Degrees: And there- 


* fore the Æquator of the Sun, that is to ſay, the 


Circle which is in the Middle between the two 
Poles, cuts the Plane of the Orbit in a right Line, 
which Line produced will interſect the Orbit in 
two Points; and whenever the Earth comes to 
theſe two Interſections, the Tracts which the 
Spots deſcribe will appear as right Lines, ſince the 
Eye of the Spectator is in the Plane of their Mo- 
tion: But in all other Poſitions of the Earth, the 
Plane of the Sun's Aquator is either above or be- 
low the Eye of the Spectator, and the Lines in 
which the Spots are ſeen to move, appear crooked 
and ſeem to be Ellipſes. 

SiNcE the moſt bright Body of the Sux is 
not without its Spots and Blemiſhes, we are not 
to imagine that the Planets are clear, and with- 

The Planets Out their Stains and Marks. Fupiter, Mars, and 
likewiſe bave Pexus, when looked at through a Teleſcope, have 
= ſeveral very remarkable ones; and it is by their 
Motions, that we conclude the Rotation of the 

Planets 
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Planets round their Axes, after the ſame Manner, Lect. V. 


and by the {ame Argument, that we proved the wa 


Rotation of the Sun. The Body of Venus per- They turn 
forms its Revolution round its Axis in the Space A, 
of 23 Hours. Mars finiſhes his Rotation in 24 
Hours and 4o Minutes. The Earth in a Day, 
which we collect from the apparent Revolution of 
the Heavens, and of all the Stars round it in that 
Time. All theſe Bodies in their Rotations go the 
fame Way from the Weſt to the Eaſt. 

JueITER, beſides Abundance of Spots, has ſome Jupiter's 


Bands or Girdles which ſurround him; they are 5%. 


parallel to one another, but they neither preſerve 
the ſame Magnitude nor Diſtance; but ſometimes 
they increaſe, ſometimes they diminiſh their 
Breadth, ſometimes | they approach each other, 


+ ſometimes they recede from one another, and un- 


dergo ſeveral Changes. In the Year 1665, M. 

Caſſini diſcovered a very large Spot in Jupiter's 
Disk, which he obſerved conrinually for the Space 
of two Years, and determined accurately its Fi- 


gure and Poſition in reſpect to his Girdles ; but 25. Changes 
this Spot vaniſhed in the Year 1677, and was be undergees. 
not again ſeen till the Year 1679: Afterwards 

for the Space of almoſt three Years, it continually 

ſhewed itſelf, and then by Degrees withdrew 

itſelf from our Sight, and has ſince ſeveral times 
appeared and diſappeared. In a Word, from the 


Year 1665, when it was firſt obſerved, to the Year 


1708, it has eight times appeared and vaniſhed, 
By its Revolutions we conclude, that the Body of 
opiter moves round his Axis in the Compaſs of 
9 Hours and 56 Minutes. 

IT is probable that our Earth enjoys a more 
conſtant and ſettled State and Condition than Ju- 


piter; for we obſerve greater Changes in his 


Surface, than what would happen to the Earth, 
if the Ocean ſhould leave its Place, and over- 
whelm the Land, and give us a new Place, and a 


new Figure of the Sea, by changing the Places 
of Land and Water. But this is upon Suppoſi- 


tion that theſe Spots are inherent in the Body of 
Jupiter: 
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Lect. V. Fupsrer : But if they are only Clouds and Vapours 

WAY wy ſwimming in his Armoſphere, then indeed the In- 
habitants of Jupiter would have a more conſtant 
and permanent State of Weather, than what any 
Part of the Earth enjoys: I leave it to the Philo- 
ſophers to determine which of theſe two Opinions 
is the moſt probable. 

Mrrcury does always keep ſo near the Sun, 
with ſo great a ſhining Luſtre in all its Parts; 
and the Heaven, while he is ſeen, is fo much 
illuminated, that there can be no Obſervations 
made to diſcover his Spots. And Saturn is ſo 
much further removed from us, more than the 
other Planets, that, his Spots are not to be dif- 
cerned : Yet it is probable that they, as well as 
the other Planets, have each. a Rotation round an 
Axis, that all the Parts of their Surfaces may 

| frequently have imparted to them the Light and 
1 | cheriſhing Heat of the San, and may again be 
| | withdrawn from him, to receive ſuch Changes 
as are proper and convenient for the Nature of 
cach Planer. | 
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LECTURE VI. 


— 


Of the Magnitude and Order of the fixed 
Stars. Of the Conſtellations, Cata- 
logues of the Stars, and the Changes 
to which they are liable. 


N HE fixed Stars appear to be of different 
E Bigneſſes, not becauſe they really are 
77 ſo, but becauſe they are not all equal- 
y diſtant from us. Thoſe that are near- 
eſt will excel in Luſtre and Bigneſs ; 
the more remote Stars will give a fainter Light, and 
ſmaller to the Eye. Hence ariſe the Diftri- 
bution of Stars, according to their Order and Dig- 
nity, into Claſſes; the firſt Claſs containing thoſe 73 Di 
which are neareſt to us, are called Stars of theſftin#iom of 
firſt Magnitude; thoſe that are next to them, are dt _— 
stars of the ſecond Magnitude : The third Claſs pfognirade. 
comprehends them of the third Magnitude, and 
ſo forth, till we come to the Stars of the ſixth 
Magnitude, which comprehend the ſmalleſt Szars 
that can be diſcerned with the bare Eye. For 
all the other Stars, which are only ſeen by the 
Help of a Teleſcope, and which are called Tele- 
ſcopicalz are not reckoned among theſe fix Orders. 
Altho' the Diſtinction of Stars into ſix Degrees of 
Magnitude is commonly received by Aſtronomers ; 
yet we are not to judge, that every particular 
Star is exactly to be ranked according to a certain 
Bigneſs, which is one of the Six; but rather in 
reality there are almoſt as many Orders of Stars, 
as there are Stars, few of them being exactly of 
the ſame Bigneſs and Luſtre. And even amon 
thoſe 
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Le&. VI. thoſe Stars which are reckoned of the brighteſt 
WY Claſs, there appears a Variety of Magnitude ; for 


Sirius or Arcturus are each of thetn brighter than 
Aldebaran or the BulPs Eye, or even than the 
Star in Spica; and yet all theſe Stars are reckoned 
among the Stars of the firſt Order: And there 
are ſome Stars of ſuch an intermedial Order, 
that the Aſtronomers have differed in claſſing of 
them ; ſome putting the ſame Stars in one Claſs, 


others in another. For Example: The little Dog 


was by Tycho placed among the Stars of the 
ſecond Magnitude, which Pro/emy reckoned 
among the Stars of the firſt Claſs: And therefore 
it is not truly either of the firſt or ſecond Or- 


der, but ought to be ranked in a Place between 


both. 

ASTRONOMERS not only mark out the Szars, 
but that they may better bring them into Order, 
they diſtinguiſh them by their Situation and Poſi- 
tion in reſpect to each other; and therefore the 


Tee Conſtel- diſtribute and divide them into Aſteriſins or Conſtel- 


lations, allowing ſeveral Stars to make up one Con- 
ſtellation. A Conſtellation is a Syſtem of ſeveral 
Stars that are ſeen in the Heavens near to one an- 
other: And for the better diſtinguiſhing and ob- 
ſerving them, they reduce the Conſtellations to the 
Forms of certain Animals, as Men, Bulls, and 
Bears, &c. or to the Images of ſome Things 
known, as bf a Crown, a Harp, a Balance, &c. 
The Ancients took theſe Figures from the Fables 
of their Religion : And the modern Aſtronomers 
do ſtill retain them, that they may -avoid the 
Confufion which would ariſe by making new 


ones, which would much perplex them, when 
they compared the modern Obſervations with the 


Their Anti- 
yuiry.. 


old ones. | | 

Tart Diviſion of the Stars by Images and Fi- 
gures is of great Antiquity, and ſeems to be as 
old as Aſtronomy or Philoſophy itſelf: For in 
the moſt ancient Book of Job, Orion, Arcturus, 
and the Pleiades, are mentiqned; and we meet 
with the Names of many of the Conſtellations 5 
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the Writings of the firſt Poets, Homer and Heſiod. Lect. VI. 
For it was neceſlary for the Advancement of Aſtro- Wa 
nomy ſo to diſtinguiſh the Stars, and to bring them | 
into ſome Order. 
SINCE the Diſtance of the Stars is immenſly 7% ſame 
great, it is no Matter in what Place of our Sy- Hats {org 
em the Obſerver reſides, whether in the San, in mament is 
the Earth, or even in Saturn, the outmoſt of al} ſerved 
the Planets ; for Spectators in each of thoſe Place ii pfl, _ 
will ſee the ſame Face of the Heavens, the fame ; 
Stars, with the fame Magnitude, and the ſame 
Figure of the Conſtellations ; and the Heavens which 
1 and involve them all, will have the ſame 
ace. | 
ASTRONOMERS divide the Starry Firmament The Regions 
into three Regions, the Middle of which compre- e 
hends thoſe Stars which have their Situation near“ 
the Planes of the Orbits in which the Planets move; 
this Part of Heaven they call the Zodiac, becauſe 
the Conſtellations there placed, ſeemed for the 
moſt part to repreſent ſome Arima! or living 
Creature. In this Space the Planets are always to 
be ſeen, and none of them ever tranſgreſs its 
Bounds : Upon each Side of this Zone lie the other 
two Regions of the Heavens, one of which is 
called the North; and the ocher, the South Part of 
the Heavens. | 
THE Antients divided the viſible Firmament e Images 
imo XLVIII. Images, twelve of which filled the "4 ee 
Zodiack, and they give their Names to the twelve regen. 
Signs, or the Portions into which it is divided. 
Their Names are the Ram, the Bull, the Twins, 
the Crab, the Lion, the Virgin, the Balance, the 
Scorpion, the Archer, the Goat, the Water-Bearer, 
and the Fiſbes. | | 
In the Northern Region there are XXI. Images, 
viz. the Leſſer Bear, the Great Bear, the Dra- 
gon, Cepheus, Bootes, the Northern Crown, Her- 
cules, the Harp, the Swan, Caſſiopeia, Perſeus, An- 
dromeda, the Triangle, Auriga, Pegaſus or the 
Flying-Horſe, Equuleus, the Dolphin, the Arrow, 
the Eagle, Serpentarius, and the Serpent: Afﬀter- 
E wards 
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Lect. IV. wards they added to them two others, viz. that 

of Antinous, which was made of the Szars that 
are not included within any Image, and are near 
the Eagle: And the Conſtellation called Berenices 
Hair, conſiſting of Stars which are near the Lions 
Tail. 

Upon the South Side of the Zodiack there are 
fifteen Aſteriſius, which were known to the An- 
tients, viz. the Whale, the River Eridanus, the 
Hare, Orion, the Great Dog, the Leſſer Dog, the 
Ship Argo, Hydra, the Cup, the Crow, the Cen- 
taur, the Wolf, the Altar, the Southern Crown, 
and the Southern Fiſh : To theſe are lately added 
XII. more Conſtellations, which are not to be ſeen 
by us who inhabit the Northern Regions, becauſe 
of the Convexity of the Earth; but in the Southern 
Parts they ar: very conſpicuous. Theſe are the 
Phenix, the Crane, the Peacock, the Indian, the 
Bird of Paradiſe, the Southern Triangle, the Fly, 
the Chameleon, the Flying Fiſh, the Toucan or Ame- 
rican Gcoſe, Hydrus or Water Serpent, Niphias or 

\ the Sword Fiſh. 
The Stars WIrnovr the Compaſs of the Conſtellations or 
Fat, Images, there are ſeveral Stars, which cannot be re- 
dauuced to any of the Forms mentioned; and theſe 
are called Unformed Stars, out of which ſome great 
Aſtronomers have made new Conſtellations, as 
Charles's Heart, and Sobieski's Shield. | 

The Milky- TRE Galaxy, or Milky-way, is alſo to be rec- 
wen, koned among the Conſtellations: This is a broad 
Circle of a whitiſh Hue, like Milk; in ſome 
Places it is double, but for the moſt part it conſiſts 
of a ſingle Path, and goes round the whole Heavens. 
The great Calileus, with his Teleſcope, diſcovered 
that the Portion of the Heavens which this Circle 
ſſes thro', was every- where filled with an infinite 
ultirude of exceeding ſmall Stars; which tho” they 
cannot, by Reaſon of their Smallneſs, be ſeen di- 
ſtinctly by the naked Eye, yet with their Light they 
all combine to illuſtrate that Region of the Heavens 
where they are, and diffuſe through it a ſhining 

Whiteneſs. | a 
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By the Help of Images, the antient Aſtrono- Lect. VI- 
mers have been able to diſtinguiſh and mark out wa 
the Stars of the Firmament, and with great 
Care and Induſtry they have digeſted them in- 
to Catalogues, which they have delivered down 
to Poſterity. Theſe Catalogues have been much 
increaſed and corrected by our modern Aſtrono- 
mers; and now they not only comprehend the 
Stars viſible by the naked Eye, bur alſo many 
that are not to be obſerved or ſeen without a 
Teleſcope. 

HiepaRcHus the Rhodian about 120 Years Hipparchus 
before the Birth of Chriſt, was the Firſt among ff compo- 
the Greeks who reduced the Stars into a Cara-/* ig 
logue. Daring, according to Pliny, to undertake 7 AY 
a Thing, which ſeemed to ſurpaſs the Power of 
a Divinity, that is, to number the Stars for Po- 
ſterity, and to reduce them to Rule; having con- 
trived Inſtruments by <chich he marked the Place 
and Magnitude of each Star. So that by this Means 
we can eaſily diſcover, not only whether any of the 
Stars periſh, and others grow up ; but alſo whether 
they move, and what is their Courſe, and alſo i 
they grow bigger, or wax leſs; by which Means he 
has given to Poſterity the Poſſeſſion of the Heavens, 
if any of them have Subtilty enough to comprehend 
them. 

HieparRchus from his own proper Obſerva- 
tions, and thoſe of the antient Aſtronomers who 
lived before him, inſerted into his Catalogue 
1022 Stars, and annexed to each of them their 
proper Longitude and Latitude, which they had 
ar that Time. Prolemy inlarged Hipparchus's 
Catalogue only with four Stars, numbering | 
1026. And after Ptolemy, Ulug Beighi, the Grand- Ulug Beighi 
ſon of the great Tamerlain, obſerved again the os _ 
Stars, and reduced 1017 of them into a Cata- . 
logue. In the 16th Century, and that which 
followed, Aſtronomy was courted by many Ad- 
mirers and Suiters ; among whom we may chief- 
ly reckon Regiomontanus and Copernicus. But ES 
the noble Daniſh Po Tycho Brabe, in a- Z H 


Tycho 
2 dorning Brahe. 
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Lea. VI. dorning and perfecting this Science, did far 
AW ſurpaſs the Labours of all that went before him; 


The Prince 
of Heſs. 


Ricciolus. 


who procured very large and exquiſitely well con- 
trived Inſtruments for obſerving the Heavens; 
and particularly he determined the Places of 777 
fixed Stars, and reduced them into a Catalogue, 
their Places being all calculated from his own 

roper Obſervations. Kepler indeed, in his Ru- 
dolphin Tables, gives us a Catalogue of che Stars, 
he calls Tychonick, in which he has put down 
1163 Stars; but all of them, except the 777 ob- 
ſerved by Tycho, were taken partly from Prolemy, 
and parily from other Authors. For Tycho in his 
own Catalogue ſets down no Star which he had 
not obſerved himſelf, by his own Inſtruments, 
and calculated the Place from his proper Obfer- 
vations. 

ABovuT the ſame Time with Tycho lived William 
Prince of Heſs, who likewiſe obſerved the Stars: 
He had two Mathematicians to aſſiſt him, Rothman- 
nus and Byrgius, with whom, by thirty Years con- 
tinued Labour, he computed the Places of 400 
Stars, all founded on their own Obſervations, and 
inferted them in a Catalogue. 

Tat Jeſuir Ricciolus inriched the Catalogue of 
Kepler with 305 Stars, by which Means their Num- 
ber was increaſed to 1468 ; but this Catalogue was 
not founded on his own Obſervations; for hes and 
his Companion Grimaldi, did not take the Places 
of above 101 Stars with their own Inſtruments ; 
and he took all the reſt from Tycho, Kepler, and 
other Authors: But it is ſurpriſing, that Ricciolus 
ſhould inſert in his Catalogue ſeveral Stars, which 
were plainly viſible in Tycho's Time, and duly ob- 
ſerved by him, but which in Ricciol?s Days had va- 
niſhed, and were not to be ſeen; and yet they are 
preſerved in his Catalogue, as if he himſelf had 
then obſerved them. 

BAaRTsSCHIUs, in his Book about the four 
Foot-Globe publiſhed at Strasburgb in 1635, in 
4to, tells us, That Bayerus had deſcribed in his 
Uranometria, the Places of 1725 Stars, * 

0 
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alſo boaſts, that he himſelf had painted in his Globe Lect. VI. 
1762 Stars; but he does not tell us by whom, or 
in what Year they were obſerved. 

Tk Stars near the Antar@&#ick Pole, not to be 
zen in our Climate, were firſt accurately obſerved 
by my Collegue Dr. Edmund Halley ; who being ani- Dr. Halley 
mated with a great Love of this Siderial Science #7 <* ” 
undertook a long, and no leſs dangerous Voyage to eee 
the Iſland of St. Helena, that he might there take Stars. 
the Poſition of the Stars which are within the An- 
tarctick Circle; and he publiſhed a Catalogus of 
373 of them, whoſe Places he adapted to the End 
of. the Year 1677. 

TRE illuſtrious John Hewvelins of Dautzig, a Hevelius, 
Man of prodigious Induſtry, and unwearied Dili— 
gence, being well furniſhed with very exact Inſtru- 
ments, and with all the Tools that are proper for 
an Aſtronomer, did again aſſault the Stars with his 
Inſtruments, and computed the Places of 1553 of 
them from his own proper Obſervations; and fo he 
compoſed a new Catalogue, which contained 
1888, viz. 950 known co the Antients, and 
which were to be ſeen at Dantzig; 603 new ones, 
which no one before had ever righily obſerved ; 
and to them he joined 335 others round the An- 
tarcticłk Pole, taken out of Dr. Hallzy's Cata- 
logue, which lie always hid under the Horixon of 
Dantziz. 

Bur the largeſt and moſt complete Catalogue Mr. Flam - 
of the Stars “ is ſhortly to be expected from the fc 4 
Labours of that moſt excellent Obſerver Mr. John 3 
Flamſteed, late Royal Profeſſor of Aſtronomy at and moſt ex- 
Greenwich ; the Number of Stars inſerted in this a Cata- 
Catalogue reach to 3000. And as Revelivs dou-2** 
bled by his . Obſervations the Number of Stars 
obſerved by Deo: So our Britiſh Aſtronomer has 
as far out-done He velius, having by his Obſerva- 
tions doubled the Stars that were obſerved by him: 

We are fo much indebted to this Aſtronomer for 
the Increaſe of the Knowledge we have of the Cele- 


# This Catalogue xvas publiſhed Anno 1725, 
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Led. VI. tial Bodies, that there is not the leaſt Star in the 


Wy) 


eavens to be ſeen, whoſe Place and Situation is not 
better known, than the Poſition of many Cities 
thro' which Travellers do daily paſs. Nor is it an 
Wonder, that the Aſtronomers ſhould take ſo muc 
Pains, and fo obſtinately watch the fixed Stars, to 
determine their Places; for without the exact ſettling 
of their Poſitions and Places, they could never have 
found out the Ways of the Planets, nor have de- 
{ſcribed their Orbits: For it is upon the Obſervations 
of rhe fixed Stars, as upon immoveable Pillars, that 
the whole Science of Aſtronomy is erected, and by 
them it is ſuſtained. 


The Number OF the 3000 Stars inſerted in Mr. Flamſteed's 


of the Stars. 


Catalogue, there are many that cannot be ſeen 
without a Teleſcope; ſo that it is ſeldom that even 
a very good Eye can reckon more than 100 toge- 
ther in the Heavens: This will certainly ſurprize 
a great many Perſons; for in the Winter, in a 
clear Night, without Moon. ſbine, at firſt Sight they 
ſeem to be innumerable. But this Appearance 1s 
only a Deception of our Sight, ariſing from their 
vehement and ſtrong Twinkling, or Scintillation, 
while we look upon them confuſedly, and with- 
out reducing them to any Order; but he who will 
diſtinctly view them, will find not one but what 
are obſerved by the Aſtronomers, and inſerted in 
their Catalogues: And if any one will take a Globe 
of the larger Size, and compare it with the Hea- 
vens; he will rarely find any Star in the Heavens, 
that is not marked upon the Surface of thar 
Globe. 

In the mean Time I muſt acknowledge, that the 
Number of the Stars is really vaſtly great, and 
almoſt infinite; for whoever will view the Stars 
with a good Teleſcope, will find every-where a pro- 
digious Number of them altogether indiſcernable 
by the naked Eye, eſpecially in the Milt y-way ; 
where they are ſo thick, that tho* they cannot be 
ſeen ſeparately, yet they give that Region of the 


eavens, where they are placed, a Luſtre above all 
the reſt. RES 
THE 
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TRE famous Dr. Hook, Profeſſor of Geometry in Lect. VI. 
Greſham-College, directing his twelve-foot Teleſcope .. 


to the Pleiades or the ſeven Stars, though there are Many Stars 
now only ſix to be ſeen with the naked Eye, did 775. 
in that ſmall Compaſs count 78 Stars ; and making nated Eye. 
uſe of longer and more perfect Teleſcopes, he 
diſcovered a great many more of very different 
Magnitudes : Se his Micrography, pag. 241. An- 

tonius Maria de Reita, in his Book which he calls 

Radius Sidereomyſticus, pag. 197, affirms, that he 

has numbered in the ſingle Conſtellation of Orion 

2000 Stars. 

FROM what we have ſaid, in the preceding 22. Matter 
Lecture, it plainly appears, how falſe and ill- / che Hea- 
founded were the Notions of the antient Philo- 
| ſophers, who having too favourable an Opinion of cb ebe. 
the Heavenly. Regions, granted them ſome Privi- 
leges without any reaſonable Ground : For they 
affirmed, that the Heavens were incapable of any 
Change, that the Celeſtial Matter was of a diffe- 
rent Kind from any we have in our Earth, and 
that its Firmneſs did far exceed that of the moſt du- 
rable Diamond; for that is ſtill corruptible, and 
may be changed into other Sorts of Matter, and 
undergo ſeveral Tranſmutations : But the Form 
of the Heavenly Matter, according to them, is 

anent and eternal. We have ſeen in the Sun 

and Planets, that there are frequently new Bodies 
produced and generated; others again are corrupt» 
ed and periſh, and the Faces of the Planets un- 
dergo many Changes. Thoſe Alterations are not 
peculiar to our Earth, or our Planetary Syſtem ; 
the Principle of Generation and Corruption is 
much further diffuſed, it reaches even the moſt 
diſtant fixed Stars, and all the Bodies of the Uni- 
verſe are under its Dominion; there is nothing 
but our Mind, and our Spiritual Part, that are 
exempted from its Juriſdiction: For the Heavenly 
Bodies, as well as the Terreſtrial, are changeable 
and periſh. Several Stars which were oblerved 
by the Antients, are now no more to be ſeen, but 
are deſtroyed, and we have known ſome new ones 
E 4 come 


ruptible and 
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way likewiſe in due Time will vaniſh, and diſappear. 
Some Stars There are alſo ſome Stars which for a Time are 
_ ©, extinguiſhed, and become invilible, bur after a cer- 
poet fo tain Period they re- aſſume their former Luſtre. 
pear, Of theſe Stars, the moſt remarkable is that which 
is in the Neck of the Whale, which for eight or 
nine Months of the Year withdraws itſelf from our 
Sight, and for the other three or four Months is 
conſtantly changing its Luſtre and Bigneſs. Ir is 
probable, that the greateſt Part of the Surface of 
this Star is covered with Spots and dark Bodies, 
fome Part thereof remaining lucid ; and while it 
turns about its Axis, does ſometimes ſhew its 
bright Parr, ſometimes it turns its dark Side to us: 
But the very Spots themſelves of this Star are 
liable to Changes; for it does not every Year ap- 
pear with the ſame Luſtre ; ſomerimes it reſembles 
a Star of the ſecond Magnitude, in other Years it 
can ſcarcely be reckoned among Stars of the third 
Order : Nor are the Times of its viſiting us, always 
of the ſame Duration; for in ſome Years after three 
Months it take its Leave of us; in others we enjoy 
its Light for the Space of four Months ; nor does its 


Increaſe or Decreaſe always anſwer the Difference 
of Times. | 


MoRrEoveER we are aſſured from the Obſerva- 


tions of Aſtronomers, that ſome Stars have been 
obſerved which never were before, and for a cer- 
tain Time they have diſtinguiſhed them by their 
New Stars. ſuperlative Luſtre ; but afterwards decreaſing, they 
by Degrees vaniſhed, and were no more to be ſcen. 
One of theſe Stars being firſt ſeen and obſerved by 
Hipparchus, the chief of the Aſtronomers of the 
Antients, ſet him upon compoſing a Catalogue of 
the fixed Stars, that Poſterity might by it learn 


whether any of the Stars periſh, and others are 
produced afreſh. 


AFTER ſeveral Ages, another new Star ap- 
peared. to Tycho, and the Aſtronomers that were 
contemporary with him; which juſt like the 
new Star in Hipparchus's Time, induced him — 1 

wiſe 
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wiſe to make a new Catalogue of the fixed Stars. Lect. VI. . 
This Star made its Appearance in the Conſtella- .. 1 
tion Caſſiopeia, and was firſt obſerved about the 
Middle of November, 1572, and never changed 
its Place all the Time it was vilible, which was 
for the Space of ſixteen Months; but yet by De— 
grees it diminiſhed, and at laſt became invi- 
ſible. Its Magnitude exceeded that of Sirius or 
Lyra, which are the brighteſt of the fixed Stars, 
and even vicd with Venus when ſhe is neareſt to 
us: So that ſometimes it could be ſeen in fair 
Day-light, or Sun-ſhine ; but at laſt ic continually 
loſt ſomething of its Splendor, till it quite diſap- 
peared, and it has never been ſeen ſince. Leowi- 
cius, from the Hiſtories of thoſe Times, tells us, 
that in the Time of the Emperor Otho, about the 
Year 945, a new Star appeared in Caſſtope:a, 
juit ſuch a one as was ſeen in his Time in the 
Year 1572. And he brings us another antient 
Obſervation, that there was likewiſe teen in the 
Northern Region of the Heavens, near the Con- 
ſtellation Caſſiopeia, in the Year 1264, an emi- 


nently bright Star, which kept itſelf in the ſame 
Place, and had no proper Motion. Ir is probable, 
that theſe two Stars might liave been the fame 
with that which was ſeen by Tycho, and that in 
about 150 Years the ſame Star may again make its 
Appearance. 

In the Year 1600 and the following, Kepler 
obſerved another new Star in the Swans Breatt, 
which remained viſible for many Years; and in 
Hevelius's Time looked like a Star of the third 
Magnitude; but at laſt became inviſi le from the 
Year 1660 till the Year 1666, when it was again 
obſerved by Hevelius as a Star of the fixth Mag- 
nitude juſt in the ſame Place as it was at firſt ob- 
ſerved in; where it now appears. 

We are aſſured by the Catalogues of the fixed 
Stars, that many Stars have been obſerved by 
the Antients, and ſome even by Tycho, which 
are now become inviſible, and particularly in the 
Pleiades or ſeven Stars; there were formerly count 


ed 
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Lect. VI. ed ſeven, but now we can reckon but fix ; and ſo 


it was in Ovid's Time, who in his third Book ot 
the Faſti, has this Verſe; 


Quæ ſeptem dici, ſex tamen eſſe ſolent. 


Tk celebrated Mr. Montanere, Profeſſor of 
Mathematicks of the Univerſity of Bononia, in his 
Letter written to the RoyarL SocteTY, dated 
April 30, 1670, has theſe Words: © There are 
« now wanting in the Heavens two Stars of 
ce the ſecond Magnitude, in the Stern of the Ship 
« Argo, and its Yard; Bayerus marked them with 
« the Letters Þ and . I and others obſerved 
« them in the Year 1664, upon the Occaſion of 
« the Comet that appeared that Year: When 
« they diſappeared rt I know not; only I am 
« fare, that in the Year 1668, _ the 1oth of 
« April there was not the leaſt Glimpſe of them 
« to be ſeen; and yet the reſt about them, even 
« of the third and fourth Magnitudes, remained 
« the ſame. I have obferved many more Changes 
« among the fixed Stars, even to the Number ofa 
« Hundred, though none of them are ſo great as 
« thoſe I have ſhewed.” 

IT is no ways improbable, that theſe Stars loſt 
their Brightneſs by a prodigious Number of m_ 
which intirely cover'd, and, as it were, overwhelm'd 
them. In what diſmal Condition muſt their P/a- 
ets remain, who have nothing but the dim and 
twinkling Rays of the fixed Stars to enlighten 
them? 
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LECTURE VI. 
Of the Motion of the Earth round the 


Sun, and alſo about her own Axis; 
whereby the Apparent Motion of the 
Sun and Heavens are explained. 


AED vin taken a curſory View of the Uni- 
ye verſe, and explained thoſe Things which 
ve have diſcovered concerning the fixed 


Sars, we will now come to conſider 


more accurately our own ſolar Syſtem ; 
for our Aſtronomy is chiefly concerned about the 
Motions of the Bodies that are contained in it, and 
about the Appearances or Phenomena that ariſe 
from thoſe Motions. 


AND, firſt, it is reaſonable that we ſhould begin zw; ave es 
from the Motion of the Earth, which is our own Legi with 


Seat and Habitation, that is, from our own Motion ; 
ſince we are to be the Spectators of all the Appear- 
ances which are here to be explained, and particu- 
larly, becauſe from our Motion ariſes the apparert 
Motion of the Sun, which if not firſt known, the 
Appearances and Motions of the Planets can nei- 
ther be explained nor computed. 

W have in the preceding Lectures demon- 
ſtrated, that the Sun, which is by far the biggeſt 
and moſt noble Body of the Univerſe, does poſ- 


. the Motion 
of the Earth, 


ſeſs himſelf of the Center, from whence he every The Sun 1 
Way diffuſeth upon all the Planets his enliven- % Center of 


ing Beams and Warmth; and that they, as it 
were, dance round him at difterent Diſtances 
and Periods. The Earth which we inhabir is to 


our S ſtem. 


be reckoned as one of them, who goes round the 75: Farth 
Sun in the Space of a Year; and at the ſame % wad 


time 
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Lecture time turns round her own Axis every twenty-four 
VII. Hours. Now, ſince the Diſtance of the ee 
Stars is immenſely great, in Compariſon of the 
Diſtance of the Earth from the Sun, the Starry 
| Firmament will have the ſame Face, and there 
The ſame Will be the ſame Situation, Order, and Magni- 
Order and tude of the Stars, whether they be viewed from 
* f the Sun, or from the Earth : Bur ſince all diſtant 
ben from Bodies appear as if they were in the Heavens, a 
the Sun and Spectator in the Sun will obſerve the Earth to de- 
Earth. {cribe a Circle in the Starry Firmament; and becauſe 
the Plane ot the Earth's Orbit paſſes thro” the Sun, 
the Circle which the Earth deſcribes, will appear to 

be a great Circle in the Heavens. 
Tbe Nin LET S repreſent the Su., AB CD the Orbit 
of the Earth of the Earth, in which the Earth is carried from 
{een from '** the Weſt to the Eaſt in the Compaſs of a Year. 
Plate III. A Spectator in S look:ng upon the Earth at A, 
Fig · 1. will refer it to the Star V, as if it were in the ſame 
Point of Space with that Star: But when the 
Earth is brought to B, the Spectator in S will ſee 
the Earth in the Heavens juſt by the Star S; 
when the Earth is gone forward to C, it will be 
{cen from the San in S; and when it i; come to 
D, it will appear in ; and when it is returned 
to A, having finiſhed its Periad, it will be ſeen 

again in TV. 

Hr.nce, if the Plane of the Earth's Orbit be 
imagined extended to the Heavens, as far as the 
fixed Stars, it will cut the ſtarry Firmament, or 


the concave ſpherical Surface, in which all the 


Stars appear, in that very Circle in which a Spe- 

Ctator in the Syn would ſee the Earth to revolve 

The Eclip- every Lear: This Circle is called the Eclip- 
os end its tick, and divided by the Aſtronomers into twelve 

ii ſion in- a 8 

4% 12 Par, equal Parts, which are called Signs; each of 
er Signs. them takes its Name from that Conſtellation, 
which, at the Time the Names were impoſed, was 

ſituated near the Portion of the Ecliptick it de- 
nominates. Theſe Signs or Portions are the Ram 

T, the Ball 5, the Twins I, the Crab S, the 

Lyon &, the Virgin M, the Balance , the Scor- 

| pion 
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pion M, the Archer J. the Goat W, the Water- Lecture 
* Bearer , and the Fiſhes XK. VII. 
LET us now bring our Spectator from tb 
Sun to the Earth, and let him be carried by it“ 4ppa- 
rent Motion 
round the Sun, and let us imagine thit the e Sun 
Earth is in C: A Spectator ſecs the fame Face ſeen from the 
of the Heavens, and the very fame Conſtella- Earth. 
tions, as we have ſaid he did before, while he 
was in the Sun; the only Difference will be, 
that, as before. he imagined the Earth in the 
Heavens, and the Sun in the Center, he will 
now ſuppoſe the Sn to be in the Heavens, and 
himſelf with the Earth in the Center, it be- 
ing really the Center of his own View. There- 
fore the Earth being in C, the Spectator will 
ſee the Sun at the Star Y; and the Spectator 
being carried along with the Earth, and parti- 
cipating of the annual Motion, which is com- 
mon to them both, he will obſerve all the Parts 
of the Earth, and all the Bodies fixed on its 
Surface, to keep the ſame Polition in regard to 
one another, and to his own Eye, and always to 
remain at the ſame Diſtance from him ; and there- 
fore he cannot Ly his Eye, perceive either his own 
Motion, or that of the Earth. But looking to 
the San, and obſerving him, when the Earth comes 
to D, he will ſee the Sun at the Star S, and will 
perceive that he has Changed his Place among the 
Stars, and has moved from /, by 8, U, to S: 
And while the Earth goes on in its Progtess, 
and goes to A, the Syn will be ſeen from thence 
to have moved through the Signs S, Q, and M: 
And again, while the Earth deſcribes the Semi- 
circle ABC, the Sun will appear to have moved, 
in the concave Surface of the Heavens, through 
the ſix Signs , M, 7, Y, , K. And there- 
fore an Inhabitant of the Earth obſerves the Sun, 
which is really immoveable, to go through the 
ſame Circle in the Heavens, and in the ſame 
Space of Time, that a Spectator in the Su, would 
ſee the Earth deſcribe. 
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Hence ariſes the apparent Motion of the Sun, 
by which- it is obſerved to creep every Day by lit- 


ute aud little towards the Eaſtern Stars; ſo that if 


any Star near the Ecliptick does at any Time rife 
with the Sun, after ſome few Days the Sun will be 
got more to the Eaſt of the Star, and the Star will 
riſe before the Sun, and will likewiſe ſet before him. 
So likewiſe a Star which is Eaſtward of the Sun, and 
is ſeen after the Sus ſets, at a conſiderable Diſtance 
from him, in the Space of ſome few Days will ſet 
with the Sun, and will no more be ſeen after the 
Sun goes down. This Motion of the San, which is 
contrary to the apparent diurnal Revolution of 
the Heavens from Eaſt to Weſt, was eſteemed to 
be real by the Followers of Ptolemy, who main- 
tained, thatthe Sn and all the Stars had two Mo- 
tions, Contrary to one another, the one common 
with the Heavens from Eaſt to Weſt, in the Space of 
24 Hours; the other proper, and peculiar to each, 
and was from the Weſt to the 5 which Courſe 
the Sun finiſhed in the Space of a Year. But we 
have ſhewed, that there is no ſuch real Motion in 


the Sun, and that it is only apparent, ariſing from 
the Motion of the Earth. 


e gun wilt THE Inhabitants of all the other Planets will 
bavejuſt ſucb obſerve juſt ſuch Motions in the Sun, and for 


Moticns, 
evhen it 1s 


obſerved 
P lanets, 


the very ſame Reaſons that we do in our Earth: 
And the Sun will be ſeen from every Planet, to 


from other deſcribe the lame Circle, and in the ſame Space 


of Time that a Spectator in the Su would ob- 
ſerve the Planet to do. For Example: An In- 
habitant of Jupiter would think that the Sun tnrns 
round him, and would fee him deſcribe a Cir- 
cle in the Heavens in the Space of twelve Years ; 
that Circle would not be the fame with our 
Ecliptick, and the Motion of the Su would not 
be thro” the ſame Stars, which he. appears to us 
to paſs by. And upon the ſame Account the Sun 
ſeen from Saturn will appear to move in another 
Circle, diſtinct from either of the former, and 
will not ſeem to finiſh his Period in leſs Time 


than 
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than 30 Years. Since therefore it is impoſſible Lecture 
that the Sen can have all theſe Motions really VII. 
in itſelf, and there can be no Reaſon ſhewn, why wwe 
any one of them ſhould belong really to the Sun 
more than the reſt, we may ſafely affirm that there 
are none of them real, but that they are all _ 
rent, and ariſe from the Motions of the reſpective 
Planets. | 

BESIDEs this annual Circulation of the Earth, The Gyra- 
it has allo a vertiginous Motion round its Axis, 2 * 5 
from the Weſt to the Eaſt, in twenty-four Hours : 7 axis. 
The two Points in which the Axis meets with 
the Surface of the Earth, are called the Poles of the The Poles. 
Earth; and if this Axis be indefinitely produced to 
the Heavens both Ways, it will mark in the Hea- 
vens two Points, which are called the Poles of 
the Heavens: Every Point on the Surface of the 
Earth, except the Poles, will deſcribe the Cir- 
cumference of a Circle bigger or leſs, accord- 
ing as it is further diſtant or nearer to one of 
the Poles. The Poles are the only two Points 
which have no Verticity : This plainly follows 
for the Nature of a vertiginous Motion. Any 
Place on the Surface of the Earth, which is 
equally diſtant from both the Poles, deſcribes by 
its Rotation a great Circle, which is called the 
ZEquator of the Earth, or the Æquinoctial Circle; The Aqua- 
and the reſt deſcribed by Points nearer to one of '® vt» 
the Poles, are leſſer Circles, and arè called Pa- par. 
rallels. lels. 

IF we imagine a Plane to paſs over that Point 
of the Earth's Surface on which the Spectator 
ſtands, and to touch the Globe of the Earth there; 
this Plane, extended as far as the Heavens, will 
divide the Heavens into two Parts, and its Se- 
Ction with the Heavens will make a Circle, 
which is called the Horizon; and it will ſeparate e Hori- 
or diſtinguiſh the viſible and open Part of the 20"- 
Heavens, from that which is inviſible, and which __ 
the Opakeneſs and Convexity of the Earth hides 8 
from us. This Horizon which we have deſcribed The Senſble 
is properly the Senſible Horizon- The Rational 4 Karronal 

; Horizon Orizons. 
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Lecture Horizon being a diſtinct Circle which paſſes thro' the 
VII. Center of the Earth, and is parallel to the Sen- 
ible which touches the Surface. But theſe two 
Circles, tho' they are diſtant from one another 
by the Semidiameter of the Eartb, yet in the Hea- 
vens they may be reckoned as coinciding; for that 
Semidiameter is but a Point, in Compariſon of the 

Diſtance of the Heavens. 
The Retation SINCE the Earth turns round its Axis, the Spe- 
ef the Earth Ctator, ſtanding on its Surface, muſt likewiſe turn 
1 g. round with it the ſame Way, that is, towards the 
wolutim of Eaſt : And therefore all the Bodies in the Hea- 
he Heavens vens, Which are placed in the Eaſt, and were 
_— not to be ſeen by Reaſon the Plane of the Hori- 
zon Was above them, will become viſible, when 
by the Rotation this Plane ſubſides, and comes 
under them. So likewiſe the oppoſite Part of this 
Plane towards the Weſt, riſing above the Stars, 
will hide them from the Sight of the Specta- 
tor, and all che Stars in the Weſt will become in- 
viſible. Hence ir is, the Stars of the Eaſtern Side 
of the Horizon will appear to riſe above the Ho- 
rixou, becauſe the Horizon deſcends below them; 
and the Stars on the Weſtern Side will appear to 
ſet, or go below the Horizon, becauſe the Horizon 
does really get above them. Hence ariſes that 
apparent Litas of all the Bodies of the Uni- 
verſe that do not adhere to the Earth, where- 
with the Khole ſtarry Firmament, and every 
Point of the Heavens ſeem to revolve about the 
Earth from Eaſt to Weſt; every Point deſcribing 
a greater or leſſer Circle, as it is more remote, 
or nearer to one of the Celeſtial 'Poles : And theſe 
Celeſtial Poles which are made by the Production 
of the Earth's Axis to the Heavens, are the only 
Points in the Heavens, which appear to be im- 

moveable. 

ALTHo* every Place on the Surface of the 
tei raqueous Globe, is illuſtrated by ali the Stars 
which are above the Horizon of that Place, or 
rather when the Horizon is under the Stars; 
yet the Illumination made by the Sv is ſo great, 


and 
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and the Reflection of its Light by the Atmoſphere Lecture 
ſo ſtr that the Sun, when he is above the Ho- VII. 
rixon, does with his Preſence quite extinguiſh tjge 
faint Light of the fixed Stars, and produces Day: Y ene- 
When the Sun withdraws himſelf, and goes below — 
. our Horizon, or, more properly, when our Horizon 
gets above the Sun, he then gives Leave to the gs, 
Sears to ſhine and appear, at which Time it is 
Night. Now ſince the Earth is an opake ſpheri- 
cal Body, at a great Diſtance from the Sun, one 
Half of it will always be illuminated by the Sun, 
while the other Half remains in Darkneſs : And the 
Circle which diftinguiſhes the illuminated Face of 7h Circle 
the Earth from the dark Side, is called the Circle 2 4 
of the Interſection of Light and Shadow ; a Line pg,,,.7. 
drawn from the Center of the Sun, to the Center 
of the Earth, is always perpendicular to the Plane 
of this Circle. 

IF the Axis of the Earth had been placed in a 
Poſition perpendicular to the Plane of the Ecli 
tick, then in that Caſe the Plane of the Earzh's 
A.quator had coincided with the Plane of the 
Ecliptick, or the Plane of the Earth's Orbit; and 
the Circle bounding Light and Darkneſs, would 
have always paſſed thro' the Poles of the Earth, 
and cut the A-quator and all its Parallels into equal 
| Portions: And therefore, in that Caſe, the Sun and 
all the Stars would have remained as long above 
the Horizon, as they would have lain hid under it, 
and the Days would have been conſtantly equal to 
the Nights. But now as the Caſe is, the Axis of The Axis 
the Earth is not perpendicular to the Plane of the“ Earth 
Ecliptick, but is inclined to that Plane, and makes pendant, 
with it an Angle of 662 Degrees; and therefore te the Plane 
the Plane of the Earth's Aquator cannot coincide Y. Eciip- 
with the Plane of the Echprick, but theſe two 228 
Planes make with one another an Angle of 234 


Degrees. 


F the Plane of the Earth's Aquator be ima- The . 


ined to be produced as far as the fixed Stars, elta of rhe 

it will there make a Circle which is called the“ . 

Celeſtial Æquinoctial; — is exactly over the 
Terre- 
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Terreſtrial Æquinoctial: This Circle makes with 


VII. * the Ecliptick in the Heavens, an Angle likewiſe of 
Ay 23; Degrees. 


The Paral- 
' teliſm of 


the Earth's , 


Axis, 


Plate III. 
Fig. 3 


Treg Earth in its Revolution round the Sus 
does in ſuch a Manner proceed in its Orbit, that 
it keeps its Axis parallel to itſelf; that is, if a 
Line be drawn paralle] to the Axis while it is 
in any one Poſition, the Axis in all other Poſi- 
tions or Parts of the Orbit will always be parallel 
to that ſame Line, and it will never change its 
Direction, but always look towards the fame 
Point of the Heavens: And this will neceſſarily 
be, if the Earth have no other Motion but that 
round the Sun, and the other round its own Axis. 
For ſuppoſe any Body, whoſe Center is carried in 
the Line AB, and in A we ſhouid mark any 
Diameter C D, which is inclined in any Angle to 
the Line AB; if this Body have no other but a 
progreſſive Motion in the Line A B, when it 
comes to the Point B, the Diameter CD will be 
in the Situation d, and its Poſition will be 
parallel to the former Poſition CD: Now if 
there ſhould be impreſſed upon this Body a Ro- 
tation round C D as an Axis, all the Diameters 
of the Body will conſtantly change their Polition 
by this Rotation, except the Axis, which will re- 
main in its former State: The Points in the Axis 
being the only Points in the Body which have no 
Rotation. Bur this Axis, as was ſhewed, did be- 
fore the Rotation always preſerve a Poſition pa- 
rallel to itſelf; therefore after the Rotation is im- 
preſſed upon the Body, the Axis will ſtill keep 
parallel to itſelf. 

HENCE it is evident, that there is no need of 
a third Motion for the Earth, as fome have ima- 
gined it muſt have, to make it keep its Axis pa- 
rallel to itſelf : For to this Effect there is no- 
thing more required, than that it ſhould have only 
the former two, with which alone it will neceſſa- 
rily keep its Axis parallel to itſelf. 


SINCE 
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SincE the Plane of the Equator does not Lecture 
coincide with the Plane of the Ecliptick, theſe VII. 
two Planes muſt cut one another in a right Line; 
and while the Earth turns round the Sun, the. 
common Section of theſe two Planes will likewiſe 
always remain parallel ro itſelf, for the ſame 
Reaſon, as we ſhewed in the Poſition of the Earzh's 
Axis: And therefore this Section or Line, in which 
the Planes cut one another, will always be direct- 
ed towards two oppoſite Points of the Ecliptick, 
and will always look to the ſame Points of the. 
Univerſe. ; _ 

A Feat Circle in the Heavens paſling thro' the The Aqui- 
two Celeſtial Poles, and the common Section 1 
the AÆquator and the Ecliptick, is called the Equi- ,,;.,. 
noctial Colure: Another Circle, cutting the former Solſtitial 
in the Poles at right Angles, is called the Solſtitial Colure. 
Colure, which paſſes thro* the Points where the 
Acquator and Ecliptick are at the greateſt Diſtance 
from one another, and cuts likewiſe both theſe 

Circles at right Angles; and therefore does likewiſe 
paſs thro” the Poles of the Ecliptick, or that Point 
which is every-where equally diſtant from the | 
Ecliptick. The four Points in which theſe two A) 
Colures interſect the Ecliptick, are called the four 
Cardinal Points; becauſe when the Sun is ſeen in h Cardi« ; 
them, he determines the four Seaſons of the Year. 4 Pointe, 4 
The two Interſections of the Equinodial Colure 10 
with the Ecliptick, are called the Equinoctial Points; bt: 
the other two, being the InterſeCtions of the _ | if 
Colure with the Ecliptick, are called the Solſtitial 0 
Points. 
* SUPPOSE. now the Eye of a 8 to plate III 
look from afar, obliquely upon the Orbit of the Fis. 4. 
Earth ; it will then appear, or have a Repreſenta- 
tion of an Oyal Figure, according to the Rules of 
Perſpective; and in the middle of this Oval the 
Sun will keeþ. Thro' the Center of the Sun S, draw 
the right Line Y S = parallel to the common Sec- 
tion of the Equator and the Ecliptick, which 
will meet with the Ecliptick in two Points V, = : 
And when the Earth * from the Sun is in * 
FE 2 Q 
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Lecture of theſe Points, the right Line 8 V or S , which : 


VII. joins the Center of the Earth and Sun, will coin- 
[ cide wich the common Section of the Aquator 
The different and Ecliptick; and will then be perpendicular to 
Fs Fe. the Axis of the Earth, or of the Æquator, becauſe 
-allels, ac- it is in the Plane of the Æquator: But the ſame 
cording to Line is alſo perpendicular to the Circle which 
the Place of bounds the Light and Darkneſs; and therefore 
the Eclip- the Axis of the Earth will be in the Plane of 
rich, that Circle, which will therefore paſs thro* the 

Poles of the Earth, and will cut the Equator 
a — and all its Parallels into equal Parts. When the 
——— Earth therefore is in the Beginning of , the 
Earth is in um Will be ſeen in F, in the common Section 


1 en of the Æquator and the Ecliptick ; and therefore 


zen in Aries, it Will appear in the Celeſtial uinoctial, and 
4 oo will not E to decline to kts of the Poles ; 
but being exactly in the Middle between both, it 
will then by its apparent diurnal Revolution de- 
{ſcribe the Celeſtial A.quinoctial. In this Poſi- 
tion of the Evxrth, the Sun will exactly illumi- 
nate the Earth: from Pole to Pole; and, as we 
ſaid, the Circle bounding Light and Darkneſs 
will cut the Parallels exactly into equal Parts; and 
every Point of the Earth, being carried round by 
the vertiginous Motion, will remain as long in the 
obſcure Side, as it was in the Light or illuminated 
Portion of the Earth's Surface : And therefore 
at that Time, thro* the whole Globe of the Earth, 
the Day will be equal to the Night: From hence 
the Circle which that Day the Sun ſeems to de- 
ſcribe in the Heavens, has obtained the Name of 
quinoctial. | | 
" The Ap- Tus Earth in its annual Motion going by 
peqrances Degrees thro' m and Þ towards , and the common 
when the 0 by ers , 
Earth is i Section of the Æquator and the Ecliptick remain- 
Capricorn, ing always parallel to itſelf, it will no longer 
| paſs through the Body of the Sun; but in W it 
makes a right Angle with the Line 8 P, which joins 
the Centers of the Sun and Earth : And becauſe 
the Line SP is not in the Plane of the Aquator, 
but in that of the Ecliptick; the Angle * 
3 whic 
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which the Axis of the Earth makes with it, will Lectute 
not now be a right Angle, but oblique ; theſe VII. 
two Lines making an Angle of 664 Degrees, 
which is the ſame with the Inclination of -the 
Axis to the Plane of the Ecliptick. Let the 
Angle SP L be a right Angle, and the Circle 
bounding Light and Darkneſs will paſs thro' the 
Point L; and then the Arch B L, or the Angle 
BPL, will be 234 Degrees, that is, equal to 
* of the Angle BPS to a right 
S. 

ET the Angle BP E be a right Angle, and then 
the Line PE will be in the Plane of the Aquator : 
Therefore becauſe the Arches BE and LT are 
equal, each of them being Quadrants ; if the 
common Arch B T be taken away, there will re- 
main TE equal to LB equal to 234 Degrees. 
Take EM cqual to ET, and thro' the Points 
M and T, deſcribe two parallel Circles T C, 
MN; the one is called the Tropick of Cancer S; The two 
the other the Tropick of Capricorn M. And the Trepicts. 
Earth being in this Situation, the Sun will ſhine _ 
perpendicularly upon the Point T, and then it will T4 
ſeem to approach the neareſt that it can come to 4 
the North Pole: And the Circle, which by the | 
apparent diurnal Revolution of the Heavens, the 
Sun ſeems to deſcribe, - will be directly over the 
Circle TC in the Earth, which Circle is there- 
fore called the Celeſtial Tropick of Cancer. Now 
upon the Account of the Revolution of the 
Earth round its fixed Axis, all the Points of 
the Parallel TC will in their Turns paſs by the 
Point T, and will be directly under the Sun; 
and therefore the San will be vertical to all 
the Inhabitants that are under the Tropick 
of &, when he comes to their Meridians. 
While the Earth is in this Poſition, it is ma- 
nifeſt, that the Circle which bounds Light and 
Darkneſs reaches beyond the North Pole B to L; 
but towards the South it falls ſhort of the South 
Pole A, and reaches no further than F. Thro' 
L and F let two Parallels to the Aquator be 

F 3 E eſcribed: 
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Lecture deſcribed : Theſe two Circles are called the Polar 
VII. Circles; this is called the &4r#ick Polar, the other 


The Arc- 
tick and 
Antarctick 


Cir cles, 


When the 
Days are 


longe 
Wien 
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ſort 


the Antarctick. And while the Earth is in P, all 
that Tract of it which is included within the Polar 
Circle K L, continues in the Light, notwithſtand- 
ing the conſtant Revolution round the Axis; 
and the Inhabitants there enjoy a continual Day. 
On the contrary, thoſe that lie within the An- 
tarctick Circle remain in continual Darkneſs, hav- 
ing all Night without any Day. Beſides it is 
likewiſe manifeſt, that all the Parallels between 
the Aquator and the Ardick Circle, are cut by 
the Circle bounding Light and Darkneſs, into 
unequal Portions ; the- largeſt Portions of theſe 
Circles remaining in the Light, and the ſmalleſt 
in Darkneſs : But thoſe Parallels which are to- 
wards the Antarctick Circle, have their greateſt 
Portions in Darkneſs, and the leaſt in the Light ; 
and the Difference of theſe Portions will be greater 
or leſs, according as the Circles are nearer to 
the Pole, or to the Aquator. Therefore in 
this Poſition of the Earth, when the Sun is 
ſeen in S, the Inhabitants of the Northern He- 
miſphere will have their Days at the longeſt, and 
their Nights the ſhorteſt ; and the Seaſon of the 
Year will be Summer: But in the Southern He- 
miſphere the Inhabitancs will have their Nights 
longeſt, and their Days ſhorteſt ; and they will be 
in their Winter Seaſon. | | 

AND in my Place the Length of the longeſt 
Days will be the greateſt, and the Nights the 


_ ſhorteſt, according as the Place is further removed 


from the Æquator, and comes nearer the North 
Pole. We fee likewiſe, that of all the Parallels, 
there is only the AÆquator which is cut into equal 
Parts by the Circle bounding Light and Dark- 
neſs, they being both of them great Circles: And 
therefore it is only the Inhabitants of the Earth 
that live in the Æquator, that have their Days con- 
Rony equal to their Nights, throughout the whole 
Tear. 938 (5 
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WHILE the Earth goes on from W by , , Lecture 
to Y, in which Time the Sn is ſeen to pats VII. 
thro' the Signs S, & and M, he will appear to- 
return by little and little towards the AÆquator; 
and when the Earth is arrived at V, the Sun will 
5 in , where the common Section of the 

quator and the Ecliptick always keeping parallel 
to itſelf, will paſs thro' the Center of the San; 
and then the Sun will appear in the Celeſtial 7%* 4. 
A-quinoctial : At which Time the Days will again 2 3 
be equal to the Nights, to all the Inhabitants of Earth is in. 
the Earth; juſt after the ſame Way as it was Aries. 
when the Earth was in E, in that Poſition the 
Circle bounding Light and Darkneſs paſſing thro” 
the Poles. 

Tae Earth moving on thro' V, & and Tr, 
the Sur will be ſeen to go in he Ecliptick 
thro' , m and 2, and will appear to decline 
from the Aquator towards the South; fo that . Ap- 
when the Earth is really in S, the Sun will pearances 
appear among the Stars near the Conſtellation =_ 
. And whereas the Axis BA does not change Cancer. 
its Inclination, but does always retain its Pa- 
ralleliſm, the Earth will have the ſame Aſpect 
and Poſition in reſpect to the Sun, that it had 
when it was in ; but with this Difference, 
that when the Tract within the Polar Circle 
K L was in continual Light while the Earth 
was in ; now the Earth arriving at , that 
ſame Tract will be altogether in Darkneſs, and 
the Beams of the Sun cannot reach ir. But the 
oppolite Space within the Circle F G, will 
be in a continual Illumination, and at the Pole 
A there will be no Night for the Space of fix 
Months. 

HERE likewiſe of the Parallels between the 
Aquator and the North Pole, the illumina- 
ted Portions are much leſs than the Portions 
which remain in Darkneſs; the contrary of 
which happened in the former Poſition. So likes 
wiſe the San at Mid-day will appear vertical, 

F 4 or 
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Lecture or directly over Head to all the Inhabitants that 


VII. 


live in the Tropick MN, ſo that it will appear 


co have deſcended towards the South from the 


How all 
theſe Ap- 
perarances 
may be re- 
preſented to 
the Eye, 


Parallel T C to the Parallel M N, through the 
Arch CQN, which is 47 Degrees. Therefore 
the Inhabitants of all Places of the Earth that 
are beyond the Tropicks, towards either of the 
Poles, have the Sun in their Summer 47 whole 
Degrees nearer to their Vertex, or to the Point 
directly over their Heads, than in the oppoſite 
Time of Winter. This Change of Situation in 
reſpect to the Sun, does not ariſe becauſe the 
Earth is raiſed or depreſſed, but on the con- 
trary, becauſe it is no-where depreſſed, and no- 
where raiſed ; but with its Axis keeps the ſame 
immutable Poſition, in reſpect of the Univerſe, 
only going round the San which is placed in the 
Center of its Orbit, and the Axis thereof retainin 

the ſame Inclination to the Plane of the Orbit, an 

E ſame Situation in reſpect to any other fixed 

ine. 

ALL we have here ſaid will appear evident 
to our Eyes, if we light a Candle in a dark 
Room, and take a ſmall Globe of two or three 
Inches Diameter, in which we muſt mark the 
Poles, the _— ſome Parallels, and ſome 
Meridians, or Circles paſſing from Pole to Pole: 
Then we muſt ſo hold this Globe before the 
Candle, that its Axis may not be perpendi- 
cular to the Plane of the Table on which the 
Candle ſtands; but let it be inclined to it, 
in an Angle nearly of 664 Degrees : Then place 
the Globe in ſuch a Manner, that one of its 
Poles may point directly Northward ; and let 
the Light of. the Candle firſt reach from Pole 
to Pole; that is, let the Circle bounding Light 
and Shadow firſt paſs thro' the two Poles 
of the Globe : Then let the Poſition of the 
Axis be well obſerved, and then move the 
Globe round the Candle with your Hand, in 
a Circle parallel to the Horizon, holding 1 ſo 
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retain the ſame Inclination to the Horizon. This VII. 
done, you will ſee that the Flame of the Candle 
will in the fame Manner illuminate this Globe, as 

the Sun actually does the Earth: And the Poles of 

the Globe, irs Aquator and Parallels, will undergo 

the ſame Viciflitades of Light and Darkneſs, which 

we have now explained. 

THE like Phenomena or Appearances may be The lite Ap- 
obſerved from any other Planet that turns round its 8 
Axis. For Example: Jupiter performs his Gyra- , piinee 
tion in the Space of ten Hours; and therefore a char twrns 
Fovian, or an Inhabitant of Jupiter, will ſee the 79d 1s 
whole Heavens, and even our Earth together with *. 
the Sun, to have a rapid Motion round his Body 
in the Space of ten Hours: But the Axis of Jupiter 
is very nearly perpendicular to the Plane of his 
Orbit, and therefore the Circle bounding Light and 
Darkneſs in Jupiter, does always nearly paſs through 
his Poles; and therefore the Days and Nights in 
that Planet are almoſt conſtantly equal. Hence it 
ſeems the Jovians enjoy an uniform temperate 
Seaſon, without being uneaſy at the approaching 
Heats of the Summer, or the Colds of the Win- 
ter. | 

Ir through the Center of the Sun or Earth (it The Axis o 
is no matter which, for theſe two Points at the“ prick. 
Diſtance of the Stars will be ſeen to coincide) 
there be raiſed a Line which is perpendicular to 
the Plane of the Ecliptick, and this Line be pro- 
duced to the Heavens, it is called the Axis of the 
Ecliptick; and the two Points which this Line on 
both Sides produced, does tend to in the Heavens, 
are called the Poles of the Heavens. Now if we 
imagine great Circles to paſs through theſe Poles, 
and by every Star or Planet, they will all be per- 
pendicular to the Plane of the Ecliptick. Theſe 93. Sccenda- 
Circles are called Secondaries of the Ecliptick, or ries of the 
Circles of Longitude. And an Arch of one of theſe Feliptick. 
Circles intercepted between any Star and the Eclip- e Latirude 
tick is called the Latitude of that Star, or its Di- / a Star. 
ſtance from the Ecliptick; which may be 8 

orth 
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Lecture North or South, according as the Star is upon the 

VII. North or South Side of the Ecliptick. So alſo an 

LY ID Arch of the Ecliptick between the firſt Point of V, 

or its Interſection there with the Equator, and 

The Long;- the Point where the Circle of Longitude paſling thro' 

tude of a à Star, cuts the Ecliptick, is called the Longitude 
Star. of that Srar. 

AFTER the ſame Manner if there be conceived 
innumerable Circles to paſs * the two Poles 
of the Earth, and through each Place on its Sur- 
face, they will all be perpendicular to the Æqua- 
tor, and they are called Secondaries of the AEqua- 

tor: But in reſpect of the Places through which 

The Meri- they paſs, they are called Meridians; becauſe when 

— the Sun is ſeen in any Place, in the Plane of ſuch 

Circle, it will be Mid-Day to the Inhabitants of 

that Place. The Arch of one of theſe Secondaries 

intercepted between any Place and the Æquator, 

Te Latitude js called the Latitude of the Place, or its Diſtance 

of Place. from the Æquator, which may be likewiſe either 

North or South: And that Arch of the Æquator, 

that lies between the Interſection of the ſecondary 

paſſing through any Place, with the Æquator, and 

I Longi- any other fixed Point in the Aquator, is called 
tu de. the Longitude of that Place. 
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VIII. 
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LECTURE VII. 


Concerning ſeveral other Phænomena or 
Appearances, which depend on the 
Motion of the Earth, 


lc the Earth turns ſo round the 
1 : Sin, that its Axis always remains pa- 
rallel to itſelf, it ſeems neceſſary that 


che Heavens, which is directly over the Pole of the 


this Axis, at different Seaſons of the % Axis of 
Year, ſhould point to different fixed the Earth 


) ought to 
Stars, and that the Star or. Point of Polar to &ife 


ferent Stars 


Earth in the Summer, ſhould not be fo directly ar different 


over it in the Winter; but that the Axis ſhould 
point to another Star, whoſe Diſtance from the 
former ſhould be equal to the whole Diameter of 
the Earth's Orbit. 


Times of the 
Tear. 


For let ACBD be the Orbit of the Earth, in Plate IV. 
whoſe Center is the San 8; AB the Diameter of Fs 1. 


the Orbit: When the Earth is at A, its Axis 1s 
directed to a Star E, which is directly over the 
Pole of the Earth: Now when the Earth comes 
to the oppolite Point of the Orbit B, the Axis 
being in a Poſition parallel to its former Poſition, 
it will no longer point to the Star E, but to another 
Star F, which two Stars will be diftant from each 


other, the whole Length of the Diameter of the 


great Orbit. But the angular or obſervable Diſtance 
of the Stars is the Angle E B F, which is equal 
to the Angle A E B, the 29th Prop. iſt Buok 
of Euclid, But the To AEB is 7 Angle 
under which the Diameter of the great Orbit, or 
Orbit of the Earth, is ſeen from the Star E, which 

Angle 
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Le&ure Angle EBF or AEB is called the Parallax of 


VIII. he great Orbit; and if it could be obſerved, we 
might by it find the Diſtance of the Star E, from 
The Para/- the Earth, in reſpect of the Suns Diſtance from 
or WI us. For in the Triangle E AB, we have the An- 
gle E, which is equal to the Angle E BF, which 
we _—_— we can obſerve; we have likewiſe the 
Angle E A B, which in the Equino@ial Points is al- 
ways a right Angle; and in the Solſtices it is equal 
to the Inclination of the Earth's Axis to the Plane 
of the Ecliptick, and is always equal to the viſible 
Diſtance of the Sun from the Pole: Hence in this 
Triangle, we have all the Angles; we have likewiſe 
the Side AB, and conſequently, by Trigonometry, 
we can find the Side AL, or E B, the Diſtance 
of the Star E from the Earth. 

This Paral- BUT the Truth is, that the Diſtance of the Stars 

4 4 alfa is ſo great in reſpect of AB, and the Angle EBF 


ved. is ſo very ſmall, that there can be no Inſtruments 
made nice enough to obſerve it exactly; and they 
who have taken moſt Pains to. find it out, could 
never obſerve it to be ſo great as one Minute: 
And ſince in the Obſervations of ſuch ſmall Angles, 
Errors are ſcarcely to be avoided, and ſuch too as 


will in the Computation produce prodigious Dif- 


ferences in the Diſtances which depend upon them ; 

we cannot fafely truſt ſuch Obſervations: For if, 

with Mr. Flamſteed, we ſhould ſuppoſe the Paral- 

lax, or the Angle EBF, to be 42 Seconds, and 

there be an Error committed in Obſervation, which 

| makes the Angle 25 Seconds greater than it really 
The Diſtance is, (and no Man can be ſure that he has not com- 
of the Stars mitted ſuch an Error) the Diſtance of the fixed 
#ncertain. Stars, in that Caſe, will really be double of what 
our Obſervation makes it. But if the Obſervations 

happen to be leſs accurate, ſo that there may be a 

Minute or more between them and the Truth, (and 

moſt of our Obſervations are ſuch) the Diſtance 

that ariſes from the Computations made upon ſuch 
Obſervations, will be prodigiouſly wide of one 


another, and all of them very different from the 


Truth. 


HITHERTO 


LECTURES. 77 


HirtysRTo we have ſuppoſed the Axis of the Lecture 
Earth to have remained in an immutable Poſi- VIII. 
tion, and to have continued in an exact Pa 
ralleliſm, and that the Earth had only two Mo- Tbe Axis of 
tions, one Annual round the Sun, the other Di- — di 
urnal round its Axis. But the Aſtronomers, from ferve an e- 
the Obſervations of many Years, have found that 4% Parat- 
the Axis of the Earth has not exactly kept its Pa- e. 

ralleliſm, but has deviated a little from that Po- 
| ſition; ſo that tho' the Variation in the Space of 
two or three Years be ſcarcely ſenſible, yet in ma- 
ny Years, or in a Century or two, it is very ob- 
ſervable: And therefore, while we were explaining 
the Appearances of one Year, we ſpoke nothing it 
of this Aberration; for that could no ways diſturb 1 
the Phenomena that were then to be explained; | 
yet in the Compaſs of ſeveral Years, this Muta- | 
tion or Change of the Poſition of the Earth's Axis 
becomes very remarkable. So the Direction of 
the Axis has been ſenſibly changed, tho' its In- 
clination to the Plane of the Ecliptick has remained 
the ſame; and from hence we find, that the Axis 
of the Earth has another Motion, which is here to A 4 
be explained. O87 

Let the Line D CH repreſent a Portion of the Plate IV. | 
Earth's Orbit, and let the Center of the Earth be 
C; from which erect CE perpendicular to the 
Plane of the Ecliptick, meeting with the con- 


* — 9 — * 
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cave Surface of the Heavens in E: This Line CE . Axis ef oh 
will be the Axis of the Ecliptick, and E the Pole the Ecliprick, 4 l 
of it. Let CP be the Axis of the Earth pro- * 
duced to the Heavens; P will be the Pole round 1 
which the Heavens have an apparent diurnal Re- 


volution. Through the two Points E and P, draw a 
great Circle EPA, which paſſing through the Poles 
of both the Ecliptick and AÆquator, will be perpen- 
dicular to both thoſe Circles. Let it meet with 
the Ecliptick in A; the Arch PA will meaſure 
the Angle PCH, which is the Inclination of 
the Axis of the Earth to the Plane of the Eclip- 
tick ; that is, it will be 664 Degrees; and there- 
fore the Arch EP, which is its Complement to a 

Quadrant, 
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Lecture Quadrant, will be 234 Degrees; which Arch will 
VIII. meaſure the Angle ECP, that the Axis of the 


wa Ecliptick and the Equator make with one another. 


The Pole 0 "I , « 
7 of e che Pole E, deſcribe thro' P a leſſer Circle 


moves back- . | 
ward in 4 ince the Axis of the Earth always keeps the ſame 


Ker Cirtle invariable Angle with the Axis of the Ecliptick, 
_— Pad. will always be directed to ſome Point in the 
tis, © Periphery P FG, and the Pole of the World muſt 
always be ſomewhere placed in it: So likewiſe, if 

the Axis of the Earth retained the ſame Direction 

without any Change, as often as the Earth came 

to the Point of its Orbit C, the Pole of the 
Heaven would be conſtantly in the indiviſible 

Point P: But we find, that the Pole of the World 

docs conitantly change its Place in the Periphery 

PFG; and the Axis of the Earth, which before 

pointed to P, after 72 Years will look to another 

Point Q, which is one Degree from P towards 

the Weſt. And by this Means, the Axis of the 
Earth, or of the World, is carried in a Conical 


Motion, or deſcribes the Surface of a Cone, whoſe 


Vertex is in the Center of the Earth, and its Baſe 
is the Circle PFG; and the Pole. P will con- 
ſtantly move in the Periphery PF G, with a very 
ſlow and retrograde Motion, from the Eaſt to the 
Weſt, and does not finiſh its Circulation -in leſs 
than 25920 Years; after which Time the Pole, 
having left the Szar at P, does again return thither. 
Hence it follows, that the Star which is now the 
Polar, and directly over the Pole of the Earth, 
after 12960 Years, which is half the Period of 
the Polar Revolution, will be 47 Degrees di- 
_ from the Pole, which will then be directed 
to G. | 

| THE Circle E PA being perpendicular to both 

The Solſti- the Ecliptick and the Æquator, will be the Sol- 

tial Colure. ſtitial Colure, and A will be the Solſtitial Point, 
which Point of the Ecliptick is moſt diſtant 
from the Æquator: Now, after the Axis of the 
Earth produced comes into the Poſition C Q , 
if there be drawn through the Poles of the —_ 

| dic 


FG, which will be parallel to the Ecliptick ; and 


% 
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tick and the Æquator the Circle E QB, this Circle Lecture 
will then be 11 to both AÆquator and VIII. 
Ecliptick; and therefore, when the Axis of the | 
Earth is in the Poſition CQ, the Circle E Q B 
will be the So/ſtitial Colure, and the Solſtitial Point 
will be B, where that Circle interſects the Eclip- | 
tick; and therefore the Solſtitial Points will move ve $olgi- 
backwards equally with the Poles; the Motion of tia! Points 
the Pole being in the Circle PQG, which is pa- — 
rallel to the Ecliptick, the Arches P Q and A B 
will be like or ſimilar; ſo that when PQ is an 
Arch of one Degree, A B will likewiſe be an Arch 
of one Degree. 

HENCE the Solſtitial Points will always be re- 
ceding from the Stars backwards, ſo that if the 
Solſtitial Point be this Day near the Sar A, after 
72 Years it will be in B, one Degree removed to- 
wards the Weſt of the Star A. And ſince the 
Solſtitial Points move conſtantly backwards, the 
A-quinoCtial Points, which are always go De- Th-Aquine- 
grees diſtant from the Solſtices, will alſo move / Prince 
conſtantly backwards; and ſo likewiſe muſt all wiſe 2 
the other Points of the Ecliptick neceſſarily move ail. 
back, equally with the Solſtices, becauſe they keep 
conſtantly the ſame Diſtances from them. Thus, 
ſince between the Solſtice, and the Interſection 
of the Æquator and the Ecliptick, there are 90 
Degrees, or a Quadrant of a Circle, when 
the Solſtice has moved one Degree Weſtward, 
the Aquinoctial Interſection muſt likewiſe move 
one Degree Weſtward*; otherwiſe they could not 
always keep the ſame Diſtance from one {another. 
Therefore the Æquinoctial Points, and all the 
other Points of the Ecliptick, do move conti- 
nually backwards, or towards the Weſt. And 
this Motion is ſaid to be in Antecedentia, to the be Aerion 
Weſtward, and contrary to the Order of the Signs: in Antece- 
As the other Motion, whereby the Earth and all Venti. 
the Planets are carried round the San to the 
Eaſtwards, is ſaid to be in 99 in Con- The Mitions 


ſequence, or according to the Order of the Signs, i» Conſe- 
that quentia,. 


20 ASTRONOMICAL 
Lecture that is, from V, to V, Il, &c. And this backward 


VIII. Motion of the Aquinotial Points is called the 


AW Preceſſion of the Æquinoxes, by which they are cat- 
tied conſtantly back unto the preceding Signs or 
Stars, and fall more and more behind the ſucceed- 

Stars. 


Sic the fixed Stars remain immoveable, and 


the common Interſection of the Equator and the 
Ecliptick conſtantly falls backward, it muſt ne- 
ceſſarily happen, that the Diſtance of the Star: 
from t quinoctial Points be conſtantly changed, 
The Motion and the Interſections moving Weſtward, the Stars 
eiu, will ſeem to remove more and more Eaſtward 
Lekwards in reſpect of the Æquinoctial Points: And there- 
makes the fore the Longitudes of the Stars which are com- 
Stars ſeem puted from the firſt Point of V, or the vernal In- 
to me H terſection of the Æquator and Ecliptick, muſt con- 
the Eaſt, ſtantly increaſe ; and all the Stars will ſeem to have 
a Motion Eaſtward, not that they have really any 
ſuch Motion, but becauſe the AquinoQtial Point 
has a contrary Motion to the Veſt; ſo that the 
Diſtances of the Stars or their Longitudes from the 
firſt Point of Y reckoned Eaſtwards, becomes con- 

ſtantly greater. | 
The * HE Nc it is, that all the Conſtellations have 
lations have Changed their Places, and have deſerted the Stations 
wang of , they kept, when they were obſerved Dy the firſt 
| "Aﬀronomere Thus the Conſtellation of the Ram, 
which in Hipparchus's Time was near the Vernal 
Interſection of the Æquator and Ecliptick, and 
gave its Name to that Portion of the Ecliprick, is 
now removed from that Interſection a whole Sign, 
or a twelfth Part towards the Eaft, and is got into 
the Sign or Portion of the Ecliptick called 8, or 


the Ball: Thus alſo the Conſtellation Taurus, or the 


Bull, does now reſide in Gemini, or the Twins; and 
the Stars which are called Twins, are at this Day 
advanced to S, or the Crab; rhe Stars in the 
Crab are got into the Place which was formerly 
poſſeſſed by the Lion, and the Lion has driven 
the Virgin a whole Sign forward -; and A = 
Conſtel- 


f 
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Conſtellation has ſince the firſt Obſervation changed Lecture 
Place with the following. But here ir is io be ob- VIII. 
ſerved, that tho* the Conſtellations or Images 


have left their Places, yet the twelve Portions of 
the Ecliptick, which are called Dodecatimoria, re- 
tain ſtill the ſame Names which they had at firſt 
in the Time of Hipparchus : But to diſtinguiſh them 
from the Conſtellations, the Portions of the Eclip- 
tick are called Anaſtrous Signs, or Signs without 
ate and the Conſtellations are called the Starry 
igns. | 
SOME antient Aſtronomers ſuppoſed the Inter- 
ſections of the Equator and Ecliptick to be im- 
moveable ; and becauſe they found that the Srars 
changed their Diſtances from theſe Interſections, 
they therefore imagined the Orb or Sphere in 
which the fixed Stars were placed, to have a 
{low Revolution about the Poles of the Eclip- 
tick; ſo that all the Stars performed their Cir- 
culations in the Ecliptick, or its Parallels, in 
the Space of 25920 Years ; after which Time 
the Stars would again return to their former Places. 
This Period of Time, which is five times greater 


than the Age of the World, they called the * The great 
Year; and imagined that when it was finithed, Year. 


every Thing would begin again, and all Things 
happen and come up in the ſame Order they do 
now. 

THE phylical and efficient Cauſe of the Preceſs 
ſion of the Equinoxes, was unknown to all the 
Aſtronomers before Sir IsaAc NEWTON ; none of 
them being able to gueſs from whence it did pro- 
ceed. But Sir Isaac NEwrToN, having conſidered 
the Laws of Motion and Gravity, hath clearly de- 
monſtrated, that it doth ariſe from the broad ſphe- 
riodical Figure of the Earth : And that this broad 


ſpheriodical Figure ariſes from the Rotation of the 


Earth round its Axis. 


ALTHo* the Earth in its annual Motion The Morin 


does ſo go round the Sun, that it always performs / 7e Earth 
in its Orbit 


not equable, 


its Period in equal Intervals of Time; yet its 
Motion in its Orbit is obſerved not to be * 
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The appa- 
rent Diame- 
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Sun greater 
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ble and uniform, but in ſome Places it moves 

uicker, in other Places it ſlackens its Pace; and 
therefore the apparent Motion of the Su in the 
Ecliptick cannot be regular and uniform : And 
he is not obſerved to go thro' the ſame Space 
of the Ecliptick every Day. In our Summer he 
is obſerved to go with a flower Motion, in our 
Winter he moves ſomewhat faſter ; and the Dif- 
ference of theſe Motions. in Summer and Win- 
ter is ſuch, that his Place in the Ecliptick is 
ſometimes two Degrees above what it would 
be, if he had conſtantly kept the ſame Pace; and 
ſometimes it is two Degrees leſs : On which ac- 
count the San is obſerved to ſpend near eight Days 
more Time in the Northern Sighs of the Eclip- 


tick, than in the Southern Signs; fo that from 


the Time of the Sur's being in the Vernal Æqui- 
noctie, till his coming into the Autumnal, there 
are 1863 Days; in which Time by his apparent 
Motion he is ſeen to deſcribe one half of the 
Ecliptick. But from the Autumnal AEquinoctie 
to the Vernal, there are only 1784 Days, in 
which Space of Time he finiſhes his Courſe thro' 
the other half of the Ecliptick, and vifits all the 
Southern Conſtellations. We are alſo aſſured by 
the Obſervations of Aſtronomers, that the GE 
Diameter of the Sun in Winter, when the Mo- 
tion of the Sun is quickeſt, is greater than the a 
parent Diameter in the Summer, when 
{lackens his Pace; and the Difference is ſo great, 
that when the San appears biggeſt, he is ſeen un- 
der an Angle of 32 Minutes 47 Seconds; but 
when he appears leaft, he ſubtends an Angie only 
of 31 Minutes and 40 Seconds; and therefore 
the Sun muſt be farther from us in Summer than 


in Winter. 


SOME Aſtronomers, too pertinaciouſly keeping to 
circular Orbits, that th might de 1 Riß 
factory Account of theſe Appearances, ſuppoſed 
that the Earth did really move with an equa- 
ble Morion in the Periphery of a Circle, anfl 
that if it were ſeen from the Center of that 

Circle, 
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Circle, it would be obſerved to deſcribe equal Lecture 
Angles round it; but they ſuppoſed the S to VIII. 
be removed from that Center at ſome Diſtance. bw | 
Let the Circle AB CD be the Orbit of the Flate IV. | 
Earth, whoſe Center is E, and imagine the 4 eien * 
Center of the Sin not to be in E, but in S. f the Earth { 
Now when the Earth is in A, the Sun will be in an Excen- 
obſerved in the Point Y; and when the Earth © * 
comes to B, the San will be obſerved in S: 
And again, the Earth being arrived at C, the Su 
will appear in ; ſo that while the Earth de- 
ſcribes the Arch ABC, which is more than a 
Semicircle, the Sun will appear to have gone thro' 
but one half of the Ecliptick ; and the Su will 
ſeem to have performed his Journey thro' the 
other half, while the Earth is deſcribing the 
other Portion of her Orbit ADC. Now {ince 
the Arch ABC is greater than the Arch ADC, 
it is eaſy to ſee, that the San mult take more 
Time to deſcribe, by its apparent Motion, that 
half of the Ecliptick T, S, 2, than the other 
tz, W, Y. Moreover, when the Earth is in B, it 
is further diſtant from the Su», than when it 
is in D: And if its Motion were in itſelf per- 
fectly equable, yet when it is ſeen from the 
Sun, which is not the Center of equable Mo- 
tion, it would from thence appear to be un- 
equal: In B it would appear to be ſloweſt of 
all; and in D to be the quickeſt of all. But 
the apparent Motion of the Sur in the Eclip- 
tick is conſtantly equal to the Motion of the 
Earth ſeen from the Sun; and therefore by this 
Suppoſition we can give an ealy Account why 
in our Summer the Sur appears to have a 
flow Motion, and in the Winter a quicker ; 
ſo that the unequal Motion of the Sun or 
Earth is not ſo in reality, but only Optical 
and Apparent; ariſing only from this, that the 
Sun is not exactly in the Center of the Earth's 
Orbit in E, but at ſome Diſtance from it at 8: 
So they affirmed, that a Spectator in E would 
6 2 always 
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Lecture always obſerve, that the Earth had a moſt exact uni- 


VIII. 


form Motion round that Center in its Orbit. 


Tus Hypotheſis appears at firſt Sight to be 


The true 
Metions of 
the Planets 
are neither 
iu Circles 


nor equable, 


The Ellip- 
tick Orbits 
of the Pla- 


nets, 


Plate IV. 
Fig. 4. 
The De- 
ſeription of 
en Ellifje. 


ſimple enough, and to aniwer well the Appear- 
ances we have related ; and all the Aſtrozomers 
before Kepler, embraced it as a true 1 gs 9 
For they held it for an undoubted Truth, that 
all the Motions of the Heavens were exactly 
Circular, and in themſelves equable : But after 
the great Kepler had more accurately ſurveyed 
theſe Motions ; and relying upon the Obſerva- 
tions of the moſt induſtrious Tycho Brahe, he 
then found, that the circular ebe would 
by no means anſwer to the true Motions of 
the Planets : And by a moſt certain and infal- 
lible Method of Reaſoning, he has ſhewn, that 
the Motions of the Planets are neither equable 
in themſelves, nor are their Orbits exact Cir- 
cles. For by the Obſervations of Tycho, he has 
proved beyond all Diſpute, that the Figure of 
a planetary Orbit is an Ellipſe, which is defi- 
cient from a Circle, or of the Form of an 
Oval; and that the Planets Motion in this El- 


lipſe is really unequal, ſometimes quicker, and 


ſometimes flower; and that, according to its Di- 
{tance from the Nax, the Planet ſlackens or quickens 
irs Motion. | 

Now the EFliipſs is a curved Line Figure, 
which the Geometers commonly ſhew by cutting 
a Cone or a Cylinder obliquely : But its Nature 
will be more clearly apprehended by Beginners, 
from the following Deſcription : Imagine two 
ſmall round Sticks to be faſtened in any Plane 
or Paper, one in the Point H, the other in the 
Point G ; and fuppole a Thread doubled with 
the two Ends tied together, whoſe Length muſt 


be greater than the Diſtance of the Points G 


and H, which Thread put over the two round 
Sticks: And let there be a Pen put in the 
doubling of the Thread, which may keep it al- 
ways ſtretched with the ſame Force. This Pen, 
going in this Manner round, will deſcribe by 
| its 
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its Motion a curve Line, which is the Ellip/e Lecture 


we now ſpeak of. And if without chanzing 


the Length of the Thread, we ſhould bring 


the round Sticks a little cloſer together, we 
ſhall then have another Ellipſe of a different 
Kind from the former, and which will come 
nearer to a Circle : And by bringing them (till 
nearer, we ſhall always change the Form of our 
Ellipſe, and bring it nearer to a Circle, till the 
Sticks come to be joined together in one; and 
then the Pen in the doubling of the Thread 
will deſcribe an exact Circle. Either of the 


Points G or H is called the Focus or Nave of The Focus 
the Ellipſis; and if we biſect HG in C, the” 28108 
Point C is called its Center; the Line D K paſ- * 


{ing- thro' each Focus, and at each End meeting 


with the Ellipſe, is called its Axis: Hence it is The Axis, 


evident, that if from any Point of the Ellipſis, 
there be drawn to the two Focus's, as for Exam- 
ple from B, two Lines BH and BG, theſe two 
Lines joined together will always be equal to the 
Axis of the Ellipſis, and likewiſe equal to the 
Length of the Thread, bating the Diſtance of the 
two Focus's. 

Now tho' this be the Form of the Orbit 
which the Pl/aners deſcribe; yet the Place of the 
Sun is not the Center of it, but he takes his Re- 
ſidence in one of the Focuss: And the Axis of the 


Ellipſe AP is called the Line of the Apſides; the phate Iv. 


Point A is termed the higher Apſis, and the Aphe- 
lion; the Point P is called the /ower Apis and 
the Perihelion: And S C the Diſtance between the 


Sun in the Focus and the Center, is called the The lower 
Excentricity. If from the Center C, there be 2% e. 
erected upon the Axis the Perpendicular CE, 94, Excen- 
meeting with the Orbit in E, and there be drawn tricity. 


from the Focus the Line SE ; this Line is called 


the Mean Diſtance of the Planet from the Sun, 55. 


which is equal to half the Axis; it exceeding the 
ſhorteſt Diſtance by as much as the longeſt Diſtance 
exceeds it. 
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Ix the planetary Orbits, the Forms of the El- 
lipſes do not differ much from Circles ; and in the 
Orbit of the Earth, the Excentricity SC is only 17 
of ſuch Parts as SE the mean Diſtance conſiſts of 
1000, which Excentricity is but half of that which 
the Aſtronomers that ſuppoſed circular Orbits, at- 
tributed to the Diſtance of the Sn from the 
Center. 

Tur Motion of a Planet in the Periphery of an 
Ellipſe, is not at all equable ; yet it is regulated by 
a certain immutable Law, from which it never de- 
viates; which is, that a Line or Ray drawn from 
the Center of the Sun to the Center of the Planer, 
which is carried about with an angular Motion, 
does ſo move, that it deſcribes or ſweeps an Ellip- 
tick Area, always proportional to the Time. 'Thus 
let the Plauet be in A, from whence in a certain 
Time let it goto B; the Space or Area the Ray 
S A deſcribes, is the Triline ASB: When after- 
wards the Planet comes to P, and from the Center 
of the Sun 8, there be drawn the Line S D, ſo that 
the Elliptick Space or Area PSD, may be equal 
to the Area ASB; then in that Caſe, the Planet 
will move thro' the Arch PD, in the ſame Com- 
paſs of Time that it did thro* the Arch A B, which 
Arches muſt be unequal, and nearly in a recipro- 
cal Proportion to their Diſtances from the San; 


for becauſe of the equal Area's, the Arch PD muſt 


be ſo much in Proportion greater than the Arch 
AB, as SA is pomer than SP. This Law is ſuf- 
ficiemly demonſtrated by the moſt ſagacious Kepler, 
in his Book which he intituled, Commentaries on the 
Motion of the Planet Mars. And unto this his In- 
vention, all the Aſtronomers do now give their Aſ- 
ſent ; for there is no other Rule to be found, which 
ſo well ſatisfies all the Appearances of the Planets 

otions. | | 

AN Arch of a Circle, or an Angle, or the 
Elliptick Area ASG, taken 2 to the 
Time in which the Planet deſcends from A to G, 
is called the Mean Anomaly of the Planet. But 

f | | | 3 the 
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the Angle A SG, when the Planet comes from A to Lecture 
G, is called its true Anomaly. But when the Mo- VIII. 

tion of the Planet is reckoned from the vernal Inter- 

ſection of the AÆquator and the Ecliptick, or from Ve cue 


nomaly. 


the Beginning of V, it is called its Motion in Los- h 1 7, 
gitude; which is either a mean Motion, ſuch as the i Longi- 
Planet would have, did it move uniformly in a Cir- tude, 

cle round the Sun, or elſe the true Motion where- 

with the Planet deſcribes its Orbit, and is reckoned 

by the Arch of the Ecliptick it is ſeen to deſcribe 

which true Motion is ſometimes accelerated, and 
ſometimes retarded, according to the Diſtance of 

8 Planet from the Sun, in the various Points of its 

rbit. 

By this Means, for any given Time after, that the 75 Deter- 
Planet has left its Aphelion, we find out 1 Place mination of 
in its Orbit; viz. Let the Area of the Hlipſe be 5 , 
ſo divided by the Line SG, that the whole Ellip- Ot. 
tick Area may have the ſame Proportion to the 
Area ASG, as the whole periodical Time wherein 
the Planet deſcribes its Orbit, is to the Time given; 
and then G will be the Place of the Planet in its 
Orbit. The Geomezers have given ſeveral Methods 
for dividing in this Manner the Area of an El- 

: ſome of which we will ſhew in its proper 

ace. | 

Since in our Summer we are further from the be 
Sun, and when Winter comes on, we begin to ap-, ER. 
proach him; ſome may wonder why the Earth grows he i; further 
warmer, while it is ſtill further removing from the for t. | 
Sun; and again in the Winter, why it ſhould be colder ; { 
notwithſtanding its nearer Poe to him. But we : | 
muſt obſerve, that the Degrees of Heat and Cold do / 
not altogether depend upon the Diſtances from the 0 
Sun; but there are other powerful and concurring { 
Cauſes, which have certain Effects in this Matter: 

For, firſt of all, the direct Force of the Sun's Rays is 
much ſtronger, than when they are received ob- 1 
liquely: Now in the Winter the Rays fall upon the 1 
Earth very obliquely, and their Power is not only 1 
diminiſhed on the Account of their Obliqueneſs, but 1 

3 alſo Þ 
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Lecture alſo becauſe the Light is not ſo denſe, there being 


VIII. 


much fewer Rays which can come to a certain Por- 


WAN tion of the Surface to heat it. Moreover the Sun 


being low in the Horizon all the Winter, the Beams 
paſs thro' a much greater Quantity of Air, or are 
deeper immerſed in our Atmoſphere in the Winter, 
than they are in Summer, when the Sun approaches 
nearer to our Vertex, and the Force of the Rays is 
broke by the Reflections on ſu many Particles of 


Air: And the Difference is ſo very great, that 


The Days 

longer than 
the Nights, 
l the 


Heat, 


when the Sun is in the Horizon, we can look upon 
him without hurting our Eyes; but when he riſes 
higher, there is no enduring his Sight without blind- 
ing us. 

1 there is another very powerful Cauſe which 
e the Variety of Seaſons; which is, that the 
onger any hard and ſolid Body is expoſed to the 
Fire, the hotter it grows. Now in the Summer 
for ſixteen Hours we are continually in the Sur's 
Heat, and we have only eight Hours in the Night 
to cool: The contrary of which happens in the 
Winter, and therefore it can be no Wonder, that 
there ſhould be fo great a Difference of Heat and 
Cold, in theſe two Seaſons. 

SINCE the Power of the Sun is greateſt when his 
Rays fall upon us moſt directly, and when the Days 
are longeſt ; it would ſeem that the greateſt Heat 
onght to be when the Sun enters the Tropick of S; 
for then the Sun comes neareſt to our Vertex, and 
lieth longeſt upon us. But Experience ſhews us, 
that we have the greateſt Heat after that the Sn has 
left the Tropick ; and the Seaſon becomes warmeſt 
about the End of Fuly, in the Dog-Days, when the 
Sun has paſſed the Tropick, and is removed from 
it above a whole Sign. 

Trar we may give the true Cauſe of this 
Effect, it is to be obſerved, that the Action of the 
Sun, by which all Bodies are heated, is not tranſ- 
ient, as its Illumination is, but permanent: So 
that a Body which has been once heated .by the 
Sun, retains its Heat for ſome Time after the Sun has 


gone 
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Lecture alſo becauſe the Light is not ſo denſe, there being 
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much fewer Rays which can come to a certain Por- 


. tion of the Surface to heat it. Moreover the Sun 


being low in the Horizon all the Winter, the Beams 
paſs thro' a much greater Quantity of Air, or are 
deeper immerſed in our Atmoſphere in the Winter, 
than they are in Summer, when the Sun approaches 
nearer to our Vertex, and the Force of the Rays is 
broke by the Reflections on ſu many Particles of 


Air: And the Difference is ſo very great, that 


The Days 
longer than 
the Nights, 
l 


Heat. 


e the 


when the Sur is in the Horizon, we can look upon 
him without burting our Eyes; but when he rifes 
higher, there is no enduring his Sight without blind- 
ing us. 

12 there is another very powerful Cauſe which 
28 the Variety of Seaſons; which is, that the 
onger any hard and ſolid Body is expoſed to the 
Fire, the hotter it grows. Now in the Summer 
for ſixteen Hours we are continually in the Sur's 
Heat, and we have only eight Hours in the Night 
to cool: The contrary of which happens in the 
Winter, and therefore it can be no Wonder, that 
there ſhould be fo great a Difference of Heat and 
Cold, in theſe two 3 

Since the Power of the Sun is greateſt when his 
Rays fall upon us moſt directly, and when the Days 
are longeſt; it would ſeem that the greateſt Heat 
onght to be when the Sun enters the Tropick of S; 
for then the Sun comes neareſt to our Vertex, and 
lieth longeſt upon us. But Experience ſhews us, 
that we have the greateſt Heat after that the Sn has 
left the Tropick; and the Seaſon becomes warmeſt 
about the End of Fuly, in the Dog-Days, when the 
Sun has paſſed the Tropick, and is removed from 
it above a whole Sign. 

Trar we may give the true Cauſe of this 
Effect, it is to be obſerved, that the Action of the 
Sun, by which all Bodies are heated, is not tranſ- 
ient, as its Illumination is, but permanent: So 
that a Body which has been once heated by the 
Sun, retains its Heat for ſome Time after the Sun has 


gone 
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one off it: So that the heating Particles which Lecture. 
ow from the Sun, and are abſorbed by the heat- VIII. 

ed Body, do for a certain Time remain within it 
and do therein raiſe a Warmth or Hear. But af- 
terwards, when theſe Particles fly off, or loſe 
their Force, the Body begins to cool : And there- 
fore, if the heating Ku which are conſtantly 
received, be more than they which fly away, or 
loſe their Force, the Heat of the Body muſt w the 
continually increaſe. And this is our preſent 7 1 d 
Caſe : After the Sun has entered the Tropich, the ls 
Number of Particles which heat our Atmoſphere is in the 
and Earth, does conſtantly increaſe, there enter S 
ing more in the Day-time than what we loſe in Trorick. 

the Night-time, and therefore our Heat muſt grow 

greater. Let us ſuppole, for Example's fake, that 

there are a hundred heating Particles received 

in the Day-time in Sunſbine, and the Night 

being much ſhorter, there ſhould fly off only fifty 

of them, other fifty ſtill remaining there to excite: 

Heat: The next Day, the Sun acting with almoſt 

the ſame Force, will impart another hundred Par- 

ticles, of .which no more than one half will fly 

away in the Night; fo that on the Beginning of 

the third Day, the. Number of Particles exciting 

Heat, will be increaſed by one Hundred: And thus, 

while there are more Particles that excite Heat re- 

ceived in the Day-time, than what fly away in the 

Night, the Heat will conſtantly grow ſtronger. 

Bur. then, as the Days decreaſe, and the Action of 

the Sun becomes weaker, there will at laſt be more 

Particles that fly away in the Night-time, than 

what we receive in the Day-time ; by which means 

the Heat of a Body will grow every Day leſs, and 

the Earth and Air will by Degrees cool. 
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LE CTU 3-1; 
Of the Moon, its Phaſes and Motion. 


XF all the Bodies in the Heavens, if 
you except the Sun, the Moos ap- 
pears to be the moſt ſplendid and 
ſhining Globe, and does more par- 
ticularly belong to our Earth, of 
| PS which he is an inſeparable Compa- 
nion. And ſhe does conſtantly abide ſo much in 
our Neighbourhood, that if ſhe were looked at from 
the Sun, ſhe could never be ſeen to depart from us 
by an Arch greater than ten Minutes. She therefore 
is tied to the Earth, and waits upon her as an At- 
rendant, going along with the Earth round the San 
in the Space of a Year; but in the mean Time ſhe 
has a proper Orbit of her own, which ſhe deſcribes 

round the Earth, in the Time of a Month. 
i bas va THE Primary Planets have the Sun, which they 
"= Phot. "regard as a Center, for the Regulator of their Mo- 
tions; and ſometimes they approach us nearly, at 
other times they move away to a great Diſtance 
from us. But the Moor, like an ghee Body, is 
kept in our Neighbourhood by a natural Propenſion 
or Gravity towards us; by the Means of which it 
is conſtantly turned out of a rectilinear Courſe, 
and is obliged to perform its Reyolution round 
about us, in the Space of 27 Days and ſeven Hours. 
The Moon puts on ſeveral Phaſes and Appear- 
ances, and is always changing its Figure ; and 
with the Multitude of her Forms, ſhe has fre- 
quently puzled the Minds and Underſtandings 
of thoſe Philoſophers, who have moſt contem- 


plated 
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plated. her: Sometimes ſhe increaſes and grows 
bigger, then again ſhe wanes, and diminiſhes, as 
it were, in Age; ſometimes ſhe is bended 
into Horns, and then again ſhe appears like a half 
Circle; at other times, ſhe looks gibbous or 
hump-back'd, and immediately ſhe aſſumes a full 
bular Face; and afterwards, by Degrees, ſhe 
ppears, and loſes all her Luſtre; ſometimes 
ſhe enlightens us the whole Night, at other times 
ſhe does not appear till late at Night: And 
even in a total Eclipſe, ſhe is frequently viſi- 
ble, though with a very languid and pale Counte- 
nance: Sometimes ſhe keeps in the Southern Re- 
ion of the Heavens; at other times, ſhe riſes 
high, and viſits the Northern Hemiſphere. All 
theſe Things were firſt found out by Endymion 
among the Greeks, who was the firſt among them 
who watched her Motions; and upon that Ac- 
_ was ſuppoſed to have fallen in Love with 
er. 


THE Moon, like the Earth, is a dark, opake, and The Moon is 


ſpherical Body; and only ſhines with the borrowed 

ight of the Sun: For it is the Sun who is the 
great Luminary in our Syſtem, and who always 
illuſtrates that Half of the Moons Body, which is 
turned towards him; whilſt the other Half, which 
is oppolite, is involved in Darkneſs : But the Face 
of the Moon, that can be ſeen by the Inhabitants 
of the Earth, is that which is turned toward the 
Earth: And therefore, according to the various 
Poſition of the Moon, in reſpect of the Sun and 
Earth, we do obſerve different Illuminations and 
Degrees of Illuſtration ; at one time a larger, at 
another a leſſer Portion of the illuminated Surface 
is to be ſeen; ſometimes there is no Part of ir 
viſible, and ſometimes we obſerve the Whole, and 
ſee the Moon with her full Face. But for the 
better Underſtanding of this Matter, we will ex- 
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IX. 


a Spherical 
Opake Body. 


lain it by a Figure. Let S repreſent the Sun, Plate v. 
the Earth, RTS a Portion of the Eartb's Fig. 1, 2. 


Irbit, which it deſcribes in its Annual Courſe 
| round 
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Lecture round the Sn. Let ABCDEFGH be the Or- 
IX. bit of the Moor, in which ſhe turns round the 
IA Earth in the Space of a Month, from the Weſt to- 
The true wards the Eaſt. 
_ Tuts Motion of the Moon is evident to our 
from Weſt Senſes; for if the Moon be obſerved to arrive at 
to Eaſt, the Meridian any Night with a fixed Star, the 
next Night ſhe will be 52 Minutes later in coming 
to the Meridian, or in Southing, than the Star; ſhe 
having receded from the Star about 13 Degrees 
towards the Eaſt. Join the Centers of the Sun 
and Moon, with the right Line SL ; and through 
The Circle in the Center of the Moon, imagine a Plane ML N- 
che Moon to paſs, to which the Line S L is perpendicular: 
Lick and The Section of that Plane, with the Surface of the 
Darkneſs. Moon, will produce the Circle which bounds Light 
and Darkneſs in her, and ſeparates the inlightened 
Face, from the dark and obſcure Side. In the 
fame Manner, let the Centers of the Earth and 
Moon be joined by the right Line T L, which is 
perpendicular to a Plane PLO, paſſing thro? the 
Center of the Moon; that Plane will make, on the 
Surface of the Moon, the Circle which diſtinguiſheth 
the viſithle Hemiſphere, or that which is towards 
us, from the inviltible, which is turned from us; 
The Circle Which Circle may therefore be termed the Circle 
of Viſion. of Viſion. 
| HENCE it is manifeſt, that whenever the Moor is 
The Phaſes in the Poſition A, in the Point of its Orbit op 
of the Moon ſite to the Sun, that then the Circle bounding Light 
explained. and Darkneſs, and the Circle of Viſion, do coin- 
cide ; and that all the illuminated Face of the 
Moon will be turned towards the Earth, and be vi- 
ſible by its Inhabitants: And then the Moon is faid 
to be full, and ſhe ſhines all Night long; and in re- 
' ſpect to the Sun ſhe is ſaid to be in Oppoſition : For 
the Sun and Moon are ſeen in oppoſite Parts of the 
Heavens, the one riſing when the other ſets. When 
the Moon comes to B, the whole illuminated Disk 
MPN is not turned towards the Earth, there 
being a Part of it M P not to be ſeen by 
G3 
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us; and then the Viſible Illumination will be defi- Lecture 
cient from a Circle, and the Moon will have a gib- IX. 
bous or humped Form, ſuch as is marked in B.... 
The Moon arriving at C, where the Angle CT S Tie Gibbous 
is nearly right, there only one half of the illumi-* “““ 
nated Disk is turned towards the Earth, and to 
be ſeen from thence ; and then we obſerve a Half- 
Moon as in C, and ſhe is ſaid then to be Biſected Half Moon, 
or Dichotomized ; that is, cut in Halfs. In this . Moon 
Situation the Sun and Moon are a fourth Part of a2 2%. 
Circle removed from each other; and the Moon 
is ſaid to be in a Quadrate Aſpect, or to be in her 
Quadrature. The Moon going forward to D, the The Qua- 
illuminated Face MPN has but a ſmall Por- Mature. 
tion of itſelf turned towards the Earth, and the 
Side of the Moon turned towards the Earth is for 

the greateſt part in Darkneſs: And therefore of 
the ſpherical Figure of the Moon which appears to 
us to be plain, that ſmall Part which ſhines upon 
us, Will ſeem to be bended into narrow Points or 
Angles, and will look like what we call Horns ; 
for there the Circle bounding Light and Darkneſs 
with the Circle of Viſion, doth form two ſmall 
Angles at their Interſections, and the Phaſis ſeen 
from the Earth will appear as in D. The Moon at 
laſt coming to E, will ſhew no Part of its illumi- 
nated Face to the Earth, but all the dark Side of 
the Moon will be turned towards it; and then the New Moon, 
Moon diſappears, and ſhe is ſaid to be in Conjunction 3 
with the Sun, the Sun and ſhe being in the lame 7 
Point of the Ecliptick. This Poſition we call 
New- Moon. When the Moon advances further to 
F, ſhe again aſſumes a horned or crooked Figure; 
and as before the New Moon the Horns were turn- 
ed Weſtward, ſo now, after the Time of New Moon, 
they change their Politions and look Eaſtward. 
When the Moon has proceeded to G, and is again 
in a Quadrate Aſpect with the Sun, the will 
appear biſected, and like a Ha Mo. In H 
ſhe will be bigger, but will {till be deficient 
from a whole Circle, and be ſeen gibbous: 


But 
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Lecture But in A ſhe will again appear circular, and in het 


* 


— 


full Splendor. 
Tax Arch EL, or the Angle ST L, contained 


The Elonga- under Lines drawn from the Centers of the Sun 
Yon be and Moon: to the Center of the Earth, is called the 


Moon 
the Sun. 


Elongation of the Moon from the Sun. And the 
Arch MO, which is that Portion of the illumina- 
ted Circle MON, which is turned towards the 
Earth, and which is the Meaſure of the Angle that 
the Circle bounding Light and Darkneſs, and the 
Circle of Viſion, make with one another, is every- 


where nearly ſimilar to the Arch of Elongation EL; 


or, which is the ſame Thing, the Angle ST L is 
nearly equal to the Angle M L O, which I thus 
demonſtrate: Produce SL at Pleaſure unto X, 
and the Angles TLP and MLS will be equal, th 
N both Right Angles: But the Angles OL 

d P LX are alſo equal, becauſe they are vertical 
to each other; therefore taking away thoſe equal 
Angles, the Angle MLO will remain equal to 
the Angle TLX; but the Angle TLX is the 
external Angle of the Triangle 8 T L, and is there- 
fore equal to both the inward and er, Angles 
STL and TS L, by the 32d Propoſition of 
Book I. of Euclid. But the Angle TS L is ex- 
ceeding ſmall, and next to nothing ; for, when. big- 
eſt in the Quadratures, it does ſcarce exceed ten 

inutes of a Degree; the Diſtance of the Moon 
from the Earth, in compariſon of that of the Sun, 
being ſo ſmal!, that the Angle which it ſubtends at 
the Sun vaniſhes. And therefore the Angle ST L 
by itſelf, is nearly equal to the Angle MLO; 
whence the Arch MO will be ſimilar or like to the 
Arch EL. 

Tg Semicircle OMP, ſince its Plane paſſes 
through the Eye, will be projected into a Right 
Line, or appear like a Right Line on the Disk 
of the Moon; but the Circle bounding Light 
and Darkneſs in the Moon, fince it is ſeen ob- 
liquely from the Earth, will be projected into 
an Ellipſe, in which Form it will appear. Hence 

having 
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having the Elongation of the Moon from the Sun, Lecture 
it will be an eaſy Matter to ſhew its Phaſis, or IX. 
how it happens at that Time. Let the Circle 
COBP repreſent the Disk of the Moon, which 4 Dclinea- 
is turned towards the Earth; and let OP be the Phaſes ＋ 
Line in which the Semicircle O MP is projected, the Moon, 
which ſuppoſe to be cut by the Diameter BC, atfor any H- 
Right Angles; and making LP the Radius, take pi 
Lf ual to the Coſine of the Elongation of the Fig. 3, 45. 
Moon from the Sn: And then upon BC, as the 

reat Axis, and L F the lefler Axis, deſcribe the 
Semi-Elliple BFC. This Ellipſe will cut off 
from the Disk of the Moon, the Portion BFCP of 
the illuminated Face, which is viſible to us from 
the Earth. 

By making LP the Radius, LF becomes the De Qzanci- 
Cofine of the Elongation of the Moon from they of Ila 
Sam; P F, in that Cafe, muſt be the verſed Sine of“. 
the faid Elongation; and B FC (the Line which 
divides the illuminared and dark Parts of the Disk) 
will be an Ellipſe, whoſe greater Axis is the Dia- 
meter of the Disk B C, and half the leſſer Axis 
is the Semidiameter of the ſame Disk, diminiſhed 
by the verſed Sine of the Elongation. Suppoſe 
now that OBPC were the Disk of the Moon 
turned towards the Earth, and BF C the Semi- 

Ellipſe dividing Light and Shadow: Draw any 
Line GHN parallel ro the lefler Axis, and which 
meets with the greater Axis in M, by the Nature 
of the Circle 42 Ellipſe, LP will be to L F, 
as GM is to MH; and by Diviſion of the Ratio, 
LP is to PF, as GM is to HG; and doublin 
of the Antecedents, PO will be to PF, as G 
is to GH. The ſame Thing may be ſhewn of 
any other Line, which is parallel to the leſſer 
Axis ; and therefore by the 12th Prop. Book V. 
of Ewclid, as PO is to PF, fo will all the Lines 
GN be to all the Lines GH. But all the Lines 
GN compoſe or make up the whole Lznar Disk, 
it conſiſting of an infinite Number of Paral- 
lelograms, whoſe Heights are the Lines GN, al 
| whoſe 
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Lecture whoſe Baſes are indefinitely little: So likewiſe all the 


IX. 


Lines G H make up that Part of the Disk which 
is illuminated. 

AND therefore, as PO is to P F, that is, as the 
Diameter of a Circle is to the verſed Sine of 
the Moon's Elongation from the San; ſo is the 


whole Disk of the Moon, to that Part of it which 


is illuminated by the Sun. And hence the Illuſtra- 

tion of the Moon, at any Time, is to its greateſt Il- 

luſtration, which is at Full Moon, as the verſed 

N the Elongation is to the Diameter of a 
ircle. 


Th kum As the Moon by reflected Light from the Sun 


illuminates illuminates the Earth, ſo the Earth does more 


ebe Moon by than repay her Kindneſs, in enlightening the Surface 


a Reflex 


Light, 


of the Moon, by the Sur's reflex Light, which ſhe 
diffuſes more abundantly upon the Moon, than 
the Moon does upon us: For the Surface of the 
Earth is above fifteen times greater than that of 
the Moon; and therefore, if both Bodies have the 
ſame Power of reflecting in proportion to their 


Bigneſs, the Earth would ſend back ;fifreen times 


more Light to the Moon, than it receives from 
it. For the Earth appears fifteen times bigger to 
the Inhabitants of the Moon, than the Moon does to 
us. In New Moons, the illuſtrated Side of the 


Earth is fully turned towards the Moon, and will 


therefore at that time illuminate 'the dark Side of 
the Moon; and then the Lunarians will have a 
Full Earth, as we in a ſimilar Poſition have a Full 
Moon. And from thence ariſes that dim Light 
which is obſerved in the Old and New Moons, 
whereby, beſides the bright and ſhining Horns, we 
can perceive the reſt of her Body behind them, 
thoꝰ but dark and obſcure. Now, when the Moon 
comes to be in Oppoſition to the Sun, the Earth 
ſeen from the Moon, will appear in Conjunction with 
him, and its dark Side will be turned towards the 
Moon, in which Poſition the Earth will diſappear ; af- 
ter the ſame Manner as the Moon does diſappear to us 
in the Time of New Moon, or in her Conjunction with 

the 
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the Sun. After this the Earth will appear to the In- Lecture 


habitants of the Moon in a horned Form. In a 


Word, the Earth will ſhew all the fame Appear- Gwe 


ances to the Inhabitants of the Moon, as the Moon 
does to us. | 


ALTHovGH the Moon Circulating round the Earth 2. periedi- 
deſcribes its Orbit in the Space of twenty-ſeven Days ca! Moneb, 
and ſeven Hours, which Space of Time is called a % > 


periodical Month; yet the Time the Moon takes to 
go from one Conjunction to the next, which is a 
ſynodical Month or a Lunation, is greater than the 
Een. For while the Moon in its proper Orbit 
finiſhes its Courſe, the Earth, with this her Compa- 
nion and its Orbit, are going on their Way round 
the Sun, and are advanced almoſt a whole Sign to- 


wards the Eaſt; ſo that the Point of the Orbit, 


which in the former Poſition was placed in a right 


Line joining the Centers of the Earth and Sun, is 
now more Weſterly than the Sun: And therefore, 
when the Moon has again atrived to that Point, 
it will not yet be ſeen in Conjunction with the 
Sun. 


Fox let AB repreſent a Portion of the Orbit of Pate v. 
the Earth, and when the Earth is in T, ſuppoſe Fs. 6. 


the Moon in L, in Conjunction with the Sun in 8: 
While the Moon leaves the Point L, and proceeds 
in deſcribing its Orbit LAC D; the Earth in the 
mean time, by its Motion round the Sun, is carried 
thro' the Arch T; and when it is come to 2, the 
Orbit of the Moon is in the Poſition Jaca, and the 
Point of the Orbit L will now be in the Line 7 
Which is parallel to the former Line TL. Hence 
it is plain, that when the Moon has come to 5 
and deſcribed its whole Orbit, it is not then 


arrived at a Conjunction with the Sun; but it muſt. 


{till go further, and move thro' the Arch IM, be- 
fore it can get between the Earth and Sun: And 
ſince the Moon finiſhes her Courſe in the Space of 
twenty-ſeven Days, in that Time the Earth will 
have completed an Arch of twenty-ſeven Degrees 


in the Ecliptick; now the Arch I M and T. are 
H alike 
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Lecture alike or ſimilar, becaule the Lines L T and /z, be- 


IX. 


ing parallel, the Angles Ir M and LS M are equal. 


hat indeed it is required, that the Moon ſhould de- 


ſcribe a greater Arch than / M, before it gets be- 
tween us and the Sun, becauſe the Earth is ſtill 
moving on in the mean time: And therefore the 
whole Lunation, or Time from ew Moon to new 
Moon, is not finiſhed but in the Space of twenty- 


The diurnal nine Days and a half; and the Moon does every 


Motion of 
tbe Moon 
from the 
Sun, 


Plate V. 
Fig. To 


The Moon 
does not 
move in the 


Eclipticł. 


Day recede from the £4», about twelve Degrees and 
ſome odd Minutes; which is called the diurnal Mo- 
tion of the Moon from the Sun. 

IF the Plane of the Moons Orbit coincided with 
the Plane of the Ecliptick, that is, if the Earth and 
Moon moved both in the ſame Plane, the Way of 
the Moon in the Heavens ſeen from the Earth, would 
be exactly the fame with the Circle the Sun is ſeen 
to deſcribe ; only the Sum would be obſerved to de- 
ſcribe that Circle in the Space of. a Year, which 
the Moox does in a Month. Now in reality the 
Plane in which lies the Moor's Orbit, is not coincident 
with the Plane of the Ecliptick ; but theſe two Planes 
cut one another in a right Line, which paſles 
through the Center of the Earth; and they are in- 
clined to one another in an Angle of about five 
Degrees. 

LEr AB be a Portion of the Earth's Orbit, 
T the Earth, and let the Circle CE DF repreſent 
the Orbit of the Moon, in which is the Center of 
the Earth; with the ſame Center T, in the Plane 
of the Ecliptick, ler there be deſcribed another 
Circle CG DH, whoſe Semidiameter may be equal 
to the Semidiameter of the Moox's Orbit; theſe two 
Circles being in different Planes, and having the 
ſame Center T, will interſect each other in a Line 
D C, which paſſes through the Center of the Earth; 
and CE D, one half of the Orbit of the Moon, will 
riſe above the Plane of the Circle CG H, towards 
the North, The other half of the Orbit DFC 
will be depreſſed below it, towards the South. The 
right Line DC, wherein the two Circles cut one 

another 3 
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another, is called the Line of the Nodes; and the Lecture 
Points of the Angles C and D are called the Nodes. IX. 
And the Node C, where the Moon aſcends Nor Pb 
ward above the Plane of the Ecliptick, is called the 7% Line of 
aſcending Node, and the Head of the Dragon, and i: 72 75 "fs 
thus marked 63 The other D, from whence the ig Node, or 
Moon deſcends to the South, is named the deſcending the Dragon's 
Node, and the Tail of the Dragon, which by the Had. 83 
| ronomers is marked in this Manner & If the Line i Node, or 
of the Nodes were immoveable ; that is, if it had no e Dragon's 
other Motion, than that whereby it is carried round the 74% 
Fun, it would always look to the ſame Point of the 
Ecliptick ; that is, it would always keep parallel to 

itſelf, as we ſhewed the Axis of the Earth ought to 

do: But we find by Obſervation, that this Line of the 

Nodes does conſtantly change its Place, and ſhifts its 
Situation from Eaſt to Weſt, contrary to the Order of 

the Signs ; and by a retrograde Motion finiſhes its Cir- 

culation in the Compaſs of almoſt nineteen Years : De retro- 
After which time either of the Nodes, having receded 93 
from any Point of the Ecliptick, returns to the ſame “Roles. 
again. And when the Moon is in the Node, ſhe is alſo 

ſeen in the Ecliptick. 

HENCE it is evident, that the Moon can never be 

obſerved preciſely in the Ecliptick, but twice in every 

Period, that is, when ſhe enters the Nodes ; when ſhe 

is in any other Place of her Orbit, ſhe deviates from 

it, and is ſometimes nearer, ſometimes further re- 

moved from the Ecliptick, according as ſhe happens 

to be nearer, or further off from the Nodes : But ſhe 

is at her greateſt Diſtance from the Nodes, when ſhe 

is in the Points of her Orbit E or F, which are the 

middle Points between the Nodes; and theſe Points 

are called the Limits, The Diſtance of the Moon 73 Limits. 
from the Ecliptick is called her Latitude, which is 2% Moon's 
meaſured by an Arch of a Circle drawn thro the Ladtuck. 
Moon, perpendicular to the Ecliptick ; the Arch of 

this Circle, intercepted between the Moor and the 
Ecliptick, meaſures the Moons Latitude, or her Di- 

ſtance from the Ecliptick: And therefore uch Cir- 

cles, perpendicular to * are called * 

| 2 O 
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Lecture of Latitude; the Latitude of the Moon, when it is 
X, at the biggeſt, as in E or F, does never exceed five 
WW Degrees, and about eighteen Minutes; which Lati- 

tude is the Meaſure of the Angles at the Nodes. 
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Of the Inequalities in the Lunar Mo. 
tions. The Face of the Moon, her 
Mountains and Vallies. 


The Orbit of WS 
tbe Moon -- 


EET BSERVATIONS have diſcovered to us 
an Ellipſe. r 


that the Diſtance of the Moon from 
the Earth does conſtantly change; 
ſometimes the Moon comes nearer 
to us, ſometimes goes further from 
Aus; the Reaſon of which, is, be- 
=—» cauſe the Moon does not move in a 
circular Orbit, which has the Earth for its Center: 

But the real Orbit of the Moon is of an Elliptick 

Plate VI, Form, ſuch as is repreſented in the Figure ABPD, 
Fig. 1. one of whoſe Focus's is always the Center of the 
Earth; AP is the greater Axis of the Ellipſe, and 

the Line of the Apſides; I C is the Excentricity ; the 

The Moon's Point A, which is the higheſt Apſis, is called the Apo- 
2 geon of the Moon; the loweſt Apſis, which is the 
geon, Point P, is called the Perigeon, in which the Moon 
comes neareſt the Earth. And if the Orbit of the 

Moon had no other Motion beſides that where- 

with it is carried round the San, it would always 

retain 


| 
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retain a Poſition parallel to itſelf, and would always 
int the ſame Way, and be obſerved in the ſame 
oint of the Ecliptick ; - and whenever the Moor 
came to that Point, it would conſtantly be at the 
fame Diſtance from us : But this Line of the Apſides 
is likewiſe obſerved to be moveable, 'and to have an 
angular Motion round the Earth from the Weſt to- 
wards the Eaſt, according to the Order of Signs; ſo 


that it does not return to the ſame Situation, till after 
the Space of almoſt nine Vears. 


101 
Lecture 
X 


NS 


TH Motions of the Moon, and that of her Or- The Inequa- 
bit, do not obſerve the ſame Inequalities. For, Firſt, le ble 
When the Earth is in her Aphelion, at the greateſt TY 
Diſtance from the Sun, the Moon being fo likewiſe, 


the Moon does ſomewhat quicken her Pace, and 
performs her Circulation in leſs Time. On the 
contrary, when the Earth approaches nigheſt to 
the Sun in the Peribeljon, the Moon is likewiſe 
nearer, and then ſhe flackens her Motion: Upon 
which Account it is, that the Moon revolves 
about the Earth in ſhorter Time, when the Earth 
is in her Apbelion, than when ſhe is in her Pe- 


rihelion; fo that the periodical Months are not all 
equal. 


Secondly, When the Moon is in the Syxygia, that is, Syzygia» 


in the Line which joins the Centers of the Earth and 
Sun, (which may be either in her Oppoſition or Con- 
junction) all other 2 being alike, ſhe has a ſwifter 
Motion round the Earth: But in the Quadratures ſhe 
goes {lower, 

Thirdly, According to the different Diſtance of 
the Moon from the Syzygia. that is, from Oppoſi- 
tion or Conjunction, ſhe changes her Motion ; 
and in the firſt Quarter of her Motion, that is, 
from Conjunction to her firſt Quadrature, ſhe loſes 
ſomething of her Swiftneſs: In her ſecond Quarter, 
from the Quadraturc to her Oppolition, ſhe increaſes 
in Velocity: In her third Quarter, from Oppoſition 
to the laſt Quadrature, ſhe again loſes of her Mo- 


tion; and from that Quadrature to the Conjunction, 


ſhe again recovers her Swiftneſs. This Inequality in 
| H 3 the 
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Lecture the Moor's Motions was firſt diſcovered by the noble 
> of Tycho, who called it the Maox's Variation. 
bu , Fourthly, The Moon moves in an Ellipſe, whoſe 
The Varia- Focus is in the Center of the Earth, round about 
__ which ſhe deſcribes Area's proportional to the 
Times, as the primary Planers do round the San; 
whence the Motion of the Mon muſt be quickeſt in 
the Perigeon, and ſloweſt in the Apogeon. 
The Orbit erf Fifihly, The very Orbit of the Moon is change- 
tbe Moon, able, and does not always keep the tame Figure; 
and its Ex- but its Excentricity does now and then grow greater, 
— and now and then it diminiſhes : And it is greateſt, 
when the Line of the Apſides is coincident with 
the Syzyzia, or is in the Line which joins the Cen- 
ters of the Sun and Earth: And the Excentricity 
is the leaſt, when the Line of the Apſides cuts the 
other at right Angles. The Ditterence between 
the greateſt and leaſt Excen ricity is ſo conſi- 
derable, that it exceeds the half of the leaſt Excen- 
tricity 
The Apo- Sixthly, The very Apogeon of the Moon has an 
geon _ unequal Motion, and ſometimes moves forward, 
ras a and fomerimes backwards; when it is coincident 
with the Syzygial Line, its Motion is forwa:d ; but 
when it cuts that Line at right Angles, its Motion is 
backwards, and its Progreſs and Regreſs are no 
ways equal. But when the Moon is in her Quadra- 
tures with the Sun, the Apogeoz goes but flowly for- 
ward, or even may ſtand ſtill, or go backwards. 
But when the Moon comes to be oppoſite or con- 
joined to the Sun, the Apogeon has a quick Motion 
forward. | 
Seventhly, The Motion of the Nodes is not at 
all uniform; for when the Line of the Nodes coin- 
cides with the Line of the Syzygia, then they 
ſtand ſtill without any Motion; but when they 
cut that Line at right Angles, they go back- 
wards, or from Eaſt to Weſt, with a conſiderably 
quick Motion. The moſt ſagacious Sir Is aac 
NEWTrON was the firſt, and the only Man, 
who has diſcovered the true Cauſes of all _ 
| ne- 
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Inequalities; and has demonſtrated, that they all ariſe, 
according to the Laws of Mechaniſm, from the 
Theory of Gravitation of Matter to Matter. It is 
very ſurpriſing, that the Moon, which of all the hea- 
venly Bodies is neareſt to us, ſhould be of ſuch 


I03 


Lecture 


X. 
WWW 


difficult Acceſs; and that it ſhould be fo hard to 


find out her Ways, and the Cauſes of all her Irre- 
gularities. | 

ThE only equal Motion of the Moon is that 
wherewith ſhe rurns round her Axis in the fame 
Tirne that ſhe moves round us in her Orbit; from 
whence it comes to pals, that ſhe always keeps the 
ſame Face towards us. But this very Equability in 
Rotation is the Cauſe of an apparent Inequality ; 
that the Moon appears to librate about its Axis 
ſometimes from the Eaſt to the Veſt, and now and 
then from the Weſt to the Eaſt; and that ſome 
Parts in the Weſtern Limb or Margin of the Moon 
recede from the Center of the Disk, and ſometimes 


The Moon 


moet uni- 


formly about 


ber Axis, 


they move towards it. Some of theſe Parts, which 


were before viſible, ſet and hide themfelves in the 
inviſible Side of the Moon, and afterwards become 
again conſpicuous. Such a Motion in the Moon 
is called her Libration, and it ariſes from the un- 
equal Motion of the Moon in the Perimeter of her 
Orbit: For if the Moon moved in a Circle, whoſe 
Center coincided with the Center of the Earth, 
and turned round its Axis in the preciſe Time 
of its Period round the Earth, in that Caſe the 
Plane of the fame Lunar Meridian would always 
paſs thro” the Earth; and the fame Face of the 
Moon would be conſtantly and exactly turned to- 
wards us. Bur fince the real Motion of the Moon 
is in an Ellipſe, in whoſe Focus is the Earth, 
and the Motion of the Moon about her Axis is 
equable; or, which is the ſame Thing, every Me- 
ridian of the Moon by this Rotation deſcribes An- 
gles proportional to the Times, the Plane of no 


one Meridian will conſtantly paſs through the 
Earth. 


H 4 For 


The Moon's 
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For let ALP be the Orbit of the Moon, in 
whoſe Focus is the Earth in T; and when the Moon 
is in A; its Meridian MN produced, will paſs thro' 


2 the Earth: And if the Moon only revolved in her 
8. 2. 


Orbit, without any Motion round an Axis, the 
fame Meridian MN would always keep a Poſition 

arallel to itſelf ; - ſo that when the Mooz comes to 

„the Meridian MN would be in the Poſition 
PQ, which is parallel to MN; but on the Ac- 
count of the equable Rotation, the Meridian M N 
changes its Situation, and deſcribes Angles propor- 
tional to the Times; ſo that in the periodical 


Time of the Moon's Revolution round the Earth, 


it deſcribes four right Angles ; and therefore in L 
it will have the Poſition m Ln; ſuch that the Angle 
QLn may have the ſame Proportion to a right 
Angle, as the Time the Moon takes to deſcribe the 
Arch AL has to a fourth Part of the periodi- 
cal Time. But the Time the Moon takes to de- 
ſcribe the Arch AL is to the fourth Part of the 
periodical Time, as the Area ATL is to the 
Area ACL:; that is, to 4 Part of the Area of the 
Ellipſe : Therefore the Angle QLUn will be to a 
right Angle in the ſame Proportion. But the 
Area AT L is greater than the Area ACL, or 
than the fourth Part of the Area of the Ellipſe: 
The Angle therefore QLn will be bigger than a 


Right, or bigger than QLC: but QLC is 


bigger than QLT; wherefore QLN will be 
much bigger than QLT. The Meridian there- 
fore MN, whoſe Plane paſſed thro' the Earth, 
when the Moon was in A, now the Moor is arrived 
at L, does not look towards the Earth : And 
therefore the Hemiſphere of the Moon which is 
towards the Earth, the Moon being at L, is not 
the ſame with that which was towards the Earth 
when the Moon was in A; and thoſe Parts of the 
Moon's Surface beyond Q will come under Ob- 
ſervation, which before, when the Moon was in 
A, were not to be ſeen, being in the Side of the 
Moon quite oppoſite to us. But as toon as the 

þ Moon 
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Moon arrives at her Perigeon P, then the Meridian Lecture 
MN has deſcribed in its Rotation a Semicircle; a 
and then again its Plane paſſes thro? the Earth, ana 
the former Point N will be directly towards us, 

and be in the Center of the Disk. ence it is evi- 

dent, that this Libration of the Moon is reſtored 

twice in each Period of the Moor, that is, when ſhe 

comes to her Apogeon and Perigeon. | 

IF the Surface of the Moon were ſmooth and 7he Surface 
poliſhed like a Looking-glaſs, it would not then Y *-* | oe 
reflect Light upon all Sides, and every way 2 
but it would thew us only in ſome Poſitions r. 
the Image of the Sun, no big er than a Point, 
but with an immenſe Luſtre. But as in all our 
Egrthly Bodies, ſo in the Moon, its Surface is very 
rough and uneven ; upon which Account it dif- 
fuſes the Light by refleCting it to all Sides, with- 
out producing any Image of the Sun, as poliſhed 
Glaſles do. 

Bur the Surface of the Moon is not only rough 4 Demon- 
and uneven, but there are upon it moſt prodigious" *=* 
high Mountains, and deep Vallies, which cover the apuntains 
whole Face of the Moon: This we thus prove. inthe Moon. 
If there were no Parts in the Moon higher than 
the reſt, no prominent Points, then a Right Line 
in the Dichotomy or F and an Elliptick 
Line in all the other Phaſes, would terminate the 
light and dark Parts of the Disk: But when the 
Moon is viewed with a Teleſcope, we find that 
there is no regular Line, which ſeparates Light and 
Darkneſs in the Moon's Surface; but the Gonknes 


of theſe Parts appear, as it were, toothed, and cut 


with innumerable Notches and Breaks; and even 
in the dark Part, near the Borders of the lucid Sur- 
face, there are ſeen ſome ſmall Places enlightened 
by the Sun's Beams: And upon the fourth Day after 
New Moon, there may be perceived ſome ſhining 
Points, like Rocks or ſmall Iflands, within the 
dark Body of the Moon; but not far from the 
Confines of Light and Darkneſs, there are ob- 
ſeryed other little Spaces, which join to the en- 

lightened 
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lightened Surface, but run out into the dark Side ; 
which by Degrees change their Figure, till at laſt 


they come wholly within the illuſtrated Face, and 


In the Moon 
large Cawi- 
ties and Pits. 


have no dark Parts round them. Afterwards we 
obſerve many more ſhining Spaces to ariſe by De- 
grees, and to = within the dark Side of the 
Moon, which, before they drew near to the Con- 
fines of Light and Darkneſs, were inviſible; being 
without any Light, but wholly immerſed in the 
Shadow. The contrary is obſerved in the decreaſ- 
ing Phaſes, where the lucid Spaces which joined 
the illuminated Surface, by Degrees recede from 
it; and after they are ſeparated quite from the 
Confines of Light and Darkneſs, remain for ſome 
time viſible, till at laſt they alſo diſappear : Now 
it is impoſhble, that this ſhould be, unleſs theſe 
ſhining Points were higher than the reſt of the Sur- 
face, fo that the Light of the San may reach 
them. 

THESE ſhining Points ſituated in the Moons 
Surface, without the Confines of the illuminated 
Surface, are the Tops of very high Mountains, 
which rifing far above the other Parts of the 
Surface, are ſooner reached by the Suns Beams, 
and remain longer in the Light, than the reſt of the 
Parts do which are lower. Beſides theſe, we like- 
wiſe obſerve, even in the illuminated Face of the 
Moon, many dark and obſcure Spots, which ſeem to 
be only Caverns, or large Cavities; on which the 
Sun ſhining very obliquely, and touching only their 
upper Edge with his Light, the deeper Places re- 
main without Light: But as the SA riſes higher 
upon them, they receive more Light, and the Sha- 
dow or dark Parts, =_ ſmaller and ſhorter, till 
the Sun comes at laſt to ſhine directly upon them; 
and then the whole Cavity will be illuſtrated, and 
the Parts which were obſcure before, will then look 
as bright as the Tops of the Mountains. From 
theſe conſtant Obſervations, it is plain to a Demon- 
tration, that the Moors Face is covered with 
Mountains in ſome Places, and that in others it is 
cut with deep Pits and Caverns. 0 

HE 
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Tus Lenar Mountains are much higher in Lecture 


Proportion to the Body of the Moon, than any 


Mountain upon our Globe; for the Geometers www 
can take the Height of them, as eaſily as they can 7% Lunar 


find the Meaſure of a Mountain upon our Ear: 


* big ber than 


The Way of finding the Height of a Lunar the Moun- 
Mountain is this: Let EG D be the Hemiſpher: 4% of 4e 
of the Moon illuminated by the Sur, and „ 
the Diameter of the Circle, bounding Light and Fig. z. 


Shadow, A the Top of a Hill, within the dark 
Part, when it firſt begins to be illuminated. Ob- 
ſerve with a Teleſcope the Proportion of the 
Right Line AE, or the Diſtance of the Point A, 
from the lucid Surface, to the Diameter of the 


Moon E. D; and becauſe in this Caſe the Ray of A Mhodof 
Light ES touches the Globe of the Moon, A E Ce 
will be a Right Angle, by the 16th Prop. Book 


Third, of Exclid : And therefore having in the 
Triangle AEC, the two Sides AE and E C, we 
can find out the third Side AC, from which 
ſubducting BC, or E ©, there will remain AB, 
the Height of the Mountain. Riccia/us affirms, 
that upon the fourth Day afrer New Moon, he has 
obſerved the Top of the Hill called Sz. Katharine 
to be illuminated, and that it was diſtant from 
the Confines of the lucid Surface, about a ſix- 
teenth Part of the Moons Diameter, or an eighth 
Part of her Semidiameter. And therefore, if CE 
be 8, AE will be 1; and the Square of AC 
will be equal to the Squares of CE and E A, 
by Prop. 47, Book Firſt, of Euclid. Now the 
Square of CE being 64, and -the Square of AE 
being 1, the Square of AC will be 65, whoſe 
ſquare Root is 8,062 which expreſſes the Length 
of AC: From whence deducting BC==8, there 
will remain A B=0,062. So that CB or CE is 
therefore to. AB, as 8 is to 0,062 ; that is, as 8000 
to 62: And therefore, ſince the Semidiameter of 
the Moon is 1182 Miles, if we make the Pro- 
portion as 8000 to 62, ſo 1182 is to 9 ; we ſhall 
have 9 Miles for the Height of that * 
Wnic 


\ 
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X. "= of our-higheſt Hills on Earth. 4 
WARS WHOEVER ſhall contemplate the Face of the 
a r Moon with a Teleſcope, will diſcern it diſtinguiſh'd 
* e With an admirable Variety of Spots; ſome Parts have 
Face of thea molt bright Luſtre, and ſome Philoſophers have 
Moon. imagined them to be Rocks of Diamonds; others 
have compared them to Pearls, or ſome precious 
Stones: But they ſeem to be the {ſolid Parts of 
high Mountains, which are endued with a Quality 
whereby they ſtrongly reflect the Light. There 
are again other Places and Parts of the Moon's 
Face, and they are not a few nor ſmall, which 


look dark, and of a duskiſh Colour, Which the 


Philoſophers have fanſied ro be Seas, Lakes, and 
There are no Fens: But yet we find, that they cannot be Seas, 
Seas. nor any thing of a liquid Subſtance ; tor when hey 
are looked at with a good Teleſcope, we find they 


conſiſt of an Infinity of Caverns and empty Pits, 


whole Shadows fall within them; which can never 
be in a Sea or liquid Body. Theſe black Spots 
therefore cannot poſſibly be Seas: But they con- 
liſt of ſome darker and ſad- coloured Matter, which 
does not reflect the Light ſo ſtrongly, as the ſolid 
and ſhining Mountains do. But even within theſe 
dark Spots, we obſerve ſome Bodies of a brighter 
Light, wherewith they outſhine the reſt. 

HERE ſeem to be no Clouds nor Vapours in 
the Moon, from whence Rain may be generated: 
For ſuch Clouds would ſometimes cover the Face 


No Clouds, 


of the Moon, and hide ſome of its Regions from 


our Sight, which we never obſerve them to do: 
But in the Moon there is a conſtant Serenity, with- 
out any dark Weather; and when there are no 
Clouds in our Air, the Moon conſtantly appears 


with the ſame Luſtre. It is probable likewiſe, that 


the Moon has no Atmoſphere to ſurround it: For 
the Planets and Stars, which ſometimes are ſeen 
very near its Limb, have not their Light refracted, 
as it is when it paſſes tbro' our Atmoiphere. 
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Tun Aſtronomers have drawn the Face of the Lecture 
Moon, according as it is ſeen with the beſt Tele- XI. 
ſcopes; for which we are obliged to the accurate Se 
Labours of theſe famous Selenographers Florentins, The Seleng- 
Langrenus, John Hevelius of Dantzig, Grimaldus AH. 
and Ricciolus, Italians; who have taken particular mers 200 
Care to note all the ſhining Parts of the Moons have de- 
Face, and for the better diſtinguiſhing thern, they Ade the 
have given to each Part a proper Name. Lan- Surface. 
grenus and Ricciolus have divided the Lunar Re- 
gions among the Philoſophers and Aſtronomers, and 
other eminent Men: But Hevelius, fearing leſt 
the Philoſophers ſhould quarrel about the Diviſion 
of the Lands, has ſpoiled them of this their Pro- 
perty, and gives the Parts of the Moon thoſe Geo- 
graphical Names, that belong to the different Iſlands, 
Countries and Seas of our Earth, without any Re- 


gard to Situation or Figure. 
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LECTURE XI. 


Of the Obſcurations or Eclipſes of the 
Sun and Moon. 


@gHERE is nothing in Aſtronomy, which 
>| ſhews the great Sagacity of human 
Kel Underſtanding, and its deep Penetra- 
tion more, than a clear Explication 
| of the ſudden Diſappearings of the 
Sun and Moon, that is, of their Eclipſes; and the 
accurate Predictions when they are to come to 
paſs,, which the Aſtronomers can now foretel al- 
mnſt to a Minute. Tho' this be the nigeſt and 
moſt ſubtle Speculation of our Scicnce, yet it 1s 
certain and undoubtable, than which nothing 
can 
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can be more ſublime, or worthy of our Contem- 
plation. | 


. ue Word Erlipſe is derived from the Greek 
3 R Nν,mᷣ, which ſignifies to faint, or to ſwoon 


A Shadow, 
10 


bat, 


Plate VI. 
Fig. 4, 5, 6. 


away: So ſick and __— when a ſwoon- 
ing Fit, and a death-like Faintneſs comes over 
them, wete ſaid by the Greeks to fall into an 
Eclipſe : Aﬀter the ſame Manner the Moon, when 
ſhe ſhines with a full Face, if the falls into the 
Shadow of the Earth, does loſe the enlivening 
Beats of the Suns Light, and grows pale, as if ſhe 
were about to die. And the San again, when the 
Moon interpoſes her Body, and deprives us of his 
Heat and Light; tho' in himſelf he retains his 
Luftre, yet to us he ſeems to vaniſh and grow 
dark. At ſuch Times the Sun and Moon are ſaid 
ro ſuffer, and fall into an Eclipſe. Theſe Eclipſes 
muſt be here explained : And, that we may begin 
from the firſt Principles; 

IT is to be obſerved, that all opake and dark 
Bodies, when they are expoſed to the direct Light 
of the Sen, caſt a Shadow behind them, that is 
oppoſite to the Line the Sun is in. This Shadow 
is nothing but the Loſs or Privation of Light, in 
the Space oppoſite to the Sun, by reaſon the Sur's 
Rays are intercepted by the opake Body. Now 
ſince the Earth is an opake Body, it muſt likewiſe 
caſt a Shadow towards the Space oppoſite to the 
Sun; in which Space if the Moon ſhould come, it 
muſt neceſſarily be darkened, and loſe the Light 
which it had before from the Sun. And becauſe 
the Figure of the Earth is Sphetical, the Figure 
of the Shadow would be Cylindrical, if the Earth 


and Sen were of equal Bigneſs; or if the Earth 


were bigger than the Sen, rhe Shadow would have 
the Figure of a Cone, which had loſt a Piece at his 


Top or Vertex; and the farther it were extended, 


The Figure 
of the Sha- 
&oW, 


would grow thicker and thicker. 

AND in both theſe Caſes, the Shadow would 
run outEnto infinite Space, without ever having 
an End: And then it would involve ſometimes 


the other Planets, Mars, Jupiter and Saturn, wich- 
| in 
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in it, when they come to be oppoſite to the Sun, 

and enter within that Space: But this is never 

obſerved, for then theſe Planets would be 

eclipſed: And therefore the Sun muſt neceſſaril 

be greater than the Earth, whoſe Shadow mu 

conſequently be of a conical Figure, and end in a 
oint. 
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The Sun 


bigger than 


the Earth. 


Bur the Moon, ſince its Diameter is contained 


about three times in the Diameter of the Shadow, 


and the Diameter of the Shadow is leſs than that 


of the Earth, muſt needs be much leſs than our 
Earth. a 

Leger S repreſent the Sun, T the Earth, and 
the Cone ABC the Shadow. It is evident, there 
can be no Line drawn from the San, to any Point 
of the Space ABC, which does not fall upon the 
Earth: And therefore, ſince the Earth is an opake 
Body, it will not ſuffer * Rays to paſs through, 
or to illuſtrate the Space ABC. Now if the Moon, 
when ſhe is oppoſite to the Sun, ſhould come into 
this Space, ſne muſt then be involved in Darkneſs; 


Plate VI. 
F ig. 75 


and would then ſuffer an Eclipſe in the very Time 


of Full Moon. 

Tas Moon likewiſe, upon the ſame Account, 
muſt have · a Shadow of a conical Figure oppo- 
ſite to the Sen; and if this Shadow ſhould fall 
upon the Eartb, which can never happen, bur when 
the Moon is in Conjunction with the Sun, the In- 
habitants of the Earth, on whom the Shadow fal 
will be involved in Darkneſs; and the Sn wil 
ſeem to them to be in an Eclipſe, ſo long as the 
Shadow covers them; but becauſe the Moor is 
much leſs than the Earth, its Shadow can never 


When there 
can happen 


an Eclipſe e 


the Moon, AAN 


cover the whole Earth, but only a ſmall Part of it, Plate VII. 
ſuch as BC: And within that Space only, where the Fiz: 1. 


Shadow comes, there will be- total Darkneſs; and 


the reſt of the circumjacent Places will be illu- 


ſtrated with ſome of the Sun's Beams, and their 
Inbabitants will only ſee a Part of the Suns Disk 
obſcured; which will be greater or leſs, accord- 
ing as they are nearer or further remoyed from the 

Shadow : 


| - Farth an 
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Lecture Shadow: Particularly, they who live about P, will 

XI. ſee half the Sun eclipſed; but whoſoever lives be- 

WAYS. tween M and N, will fee at the ſame time all the 

In ſome Sun's Body, and perceive no Eclipſe. 

Placerof the Hence it is manifeſt that there can be no 

Eclipſe may Eclipſe of the Moon but in Full Moons, when ſhe 

| be total, in is oppoſite to the Sun; as the Shadow always is. 

2% pare. Nor can there be any Eclipſe of the Sun, but in 
tal, and in 78 f 

ethers nene New Moons, when ſhe is in Conjunction with the 

at all. Fun; for then only ſhe can caſt her Shadow on 

3 of the Earth. Since therefore in every Month there 

22 bop. is one Full Moon, and one New Moon; it may be 

Pens. asked how it comes that the Sas and Moor 

do not ſuffer Eclipſes every Month. And indeed 

if the Moon did always move in the Plane of the 

Ecliptick, fince the Axis of the Shadow is always 

in the ſame Plane, the Moon would then every 

Full Moon paſs through the Body of the Shadow, 

and there would be a total Eclipſe of the Moon. 

So likewile in every New Moon, if ſhe were not 


then too far off us, ſhe ſhould caſt her Shadow - 


on the Earth, and produce an Eclipſe of the Sur, 
in ſome or other of the Regions of the Earth. But 
the Caſe is otherwiſe ; for we have ſhewed, that 
the Plane of the Moox's Orbit does not coincide 
with the Plane of the Ecliptick; but that it cuts 
it in a Line which paſles thro' the Center of the 
Earth: And therefore the Moon is never in the 
Plane of the Ecliptick, but when it is in this 
Line, which is the Interſection of the two Planes, 
that is, when it enters the Nodes. And therefore, 
when it happens, that the Moon at Full ſhall 
likewiſe be in one of the Nodes; then the Axis 
of the Shadow will paſs through the Center of the 
Moon, and then ſhe will be in a total and cen- 
Plate VII. tral Eclipſe. Let the Circle MN repreſent the 
Fig. 2. tranſverſe Section of the Shadow, at the Diſtance 
* of the Moon; and the Line CD a Portion of 
Eclipſes of the Orbit of the Moon, which the Moon deſcribes 
tbe Moon, in the Time of Full Moon; which, becauſe it is bur 


a ſmall Portion, may be well enough . 
2 * 
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by a right Line: Let the right Line BGA be in Lecture 
the Plane of the Ecliptick, and let F be the Poſition XI. 
of the Moon's Center, when ſhe firſt touches tg 
Shadow; E the Poſition of the ſame Center, when 
ſhe firſt leaves it; G the ſame Center of the Moon, 
when the Axis of the Shadow paſſes through it: 
It is evident, that ſuch an Eclipſe will be Central 
and Total; and there will always be ſuch Eclipſes, 
when the Center of the Moon, and Axis of the Sha- 
dow, meet in the Nodes. Hence the Duration or 


Time that an Eclipſe can laſt, may be as long as 


the Moon is paſſing through an Arch, that is, equal 
to E F, or four Diameters of the Moon; that is, 
about two Degrees, which Space the Moon gene- 
rally moves through in the Space of four Hours. 

ECAUSE of the Largeneſs of the Diameter of the 
Shadow in Compariſon of that of the Moon, there 
may be total Eclipſes, which are not central, where 
the Node does not coincide with the Axis; and 
may even lie without the Shadow, as the Figure Plate VII. 
ſufficiently ſhews. The Node may likewiſe be at Fig. 3. 
ſuch a Diſtance from the Shadow, that there may 
be only a Part of the Moons Body that can enter it; 
and then we ſhall have a partial Eclipſe of the Moon, Partial 
as is manifeſt by the Figures; and theſe partial LI 
Eclipſes will be greater or leſs, according as the Di-p;g, 4, f. 
ſtance of the Noa: from the Shadow is leſs or greater. 
But when it happens that the Node, in the Time of 
Pull Moon, is further removed from the Axis of the 
Shadow than twelve Degrees, the Moon then will 
have ſo much Latitude, or its Diſtance from the 
Ecliptick will be fo great, that it cannot be obſcured 
by the Shadow. 

As the Shadow of the Earth caſt upon the Moon x:1;p/e: of 
produces an Eclipſe of the Moon, ſo, if the Shadow the Earth, 
of the Moon ſhould fall upon the Earth, it will 
cauſe an Eclipſe of the Earth, at leaſt on that Part 
of the Earth on which the Shadow falls. For the 
Moon being much leſs than the Earth, cannot with 
its Shadow involve the whole Disk of the Earth, 
but only a very ſmall Part of it; and ſo all the 
Eclipſes of the Earth will * Partial, and not * 

an 
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Lecture and ſuch Eclipſes will only produce a Darkneſs upon 
XI, thoſe Places where the Shadow falls; and the Inha- 
WY bitants within this Shadow will only ſee the Sun to- 
tally darkened, and therefore they will call them 
Eclipſes of the Sun: But this is improperly attributed 
to the Sun, who all the Time retains his Light 
without the icaſt Diminution; and it is only thoſe 
Inhabitants of the Earth that are under the Shadow, 

that are truly eclipſed, and involved in Darkneſs. 
Tur we may deſcend more particularly to ex- 
plain the Phænomena or Appearances of Eclipſes; 
it will be requilite to ſhew the Method of meaſur- 
ing the Dimenſions of the conical Shadows of both 
Earth and Moon: For which Purpoſe we will firſt 
Zines dr AY Gown the following Poſtulatum : If from the 
from the Center of the Sun, there be drawn -. right Lines to 
Center of the every Point of the Earth, or to as many as you 
Sun '9 ary pleaſe, theſe Lines may all of them be eſteemed as 
Earth Ae parallel. For parallel Lines are ſuch as do not meet, 
be reckoned till they are produced to an infinite Diſtance; and 
as parallel. therefore ſuch Lines as do not meet but at a Di- 
ſtance immenſly great, in Compariſon of the Di- 
ſtance of the Lines from one another, are nearly, 
or, as we may ſay, phylically parallel; that is to ſay, 
they will have the ſame Effect in Nature, and the 
phyſical Obſervations that are to be made from 
them, will be the ſame, as if the Lines were abſo- 
lutely parallel. Now the Diſtance of the Earth 
from the Sun is ſo great, that the Diameter of the 
Earth, compared with it, is but as a Point, as is 
now acknowledged by all Mathematicians ; for this 
Diameter, ſeen ftom the Sun, does appear under an 
unperceptible Angle, or which is ſo ſmall, that the 
Eye cannot obſerve it, and the Earth appears only 
like a Point: And therefore in Compariſon of the 
- great Diſtance of the Sun, it vaniſhes; and conſe- 
quently Lines drawn from the Center of the Sun 
to different Parts of the Earth, will be at leaſt phy- 
ſically parallel. Moreover it is known in Geome- 
try, that if a right Line falls upon two other right 
Lines, ſo as to make the two internal Angles on 
the ſame Side equal to two right Angles, that theſe 
rwo 


therefore the Angles at A and B muſt make by 


has a much leſs Proportion to the Diſtance of the 
Sun, than that of the Earth has to it. And not 
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two Lines on which it falls are parallel, by 29 Prop. Lecture 
Book Firſt, of Euclid. Let therefore the Line AB, XI. 

be the Diameter or Semidiameter of the Earth, and 
C the Center of the Sn; drawing AC and BC, Plate viis 


the Angles A, B and C of the Triangle ABC are Fis. 6. 


equal to two right Angles: Now the Angle C at 
the Sun vaniſhes, and is next to nothing; for the 
Earth, ſeen from the Sun, looks like a Point; and 


themſelves two right Angles very nearly, and there- 
fore the right Lines AC, BC, are nearly parallel. 
It is upon the ſame Account, that if there be taken 
two Threads with Plumbets to make them hang 
perpendicularly, the Directions of thoſe Threads 
are by all Artificers eſteemed as parallel, though 
their Directions will meer at the Center of the 
Earth, to which all heavy Bodies have a Tendency 
or Propenſion. | 

| Whar we have faid in this Cafe concerning the 
Earth, is alſo true of the Moor; for its Diameter 


only Lines drawn from the San to any Points of 
the Earth and Moon, are to be reputed parallel; 
but if there be two Lines drawn, one from the 
Center of the Sun to the Earth, the other from 
thence to the Moon, theſe may be likewiſe taken as 
Parallels; for they will not ſenſibly differ from a 
Paralleliſm, eſpecially in the Time of Eclipſes: The 
Difference of theſe Lines from real Parallels is ſo 
ſmall, that it will make no ſenſible Error in the 
Calculation of Eclipſes. 

WV likewiſe premiſe the following Lemma, which 
is eaſily demonſtrated : 

Ix tuo right Lines A E, BF, touch a Circle, and phte VII. 
there be drawn from the Points of Contact to the Fig. 3. 
Center the Lines AD, BD; the Angle at the Cen- 4 Lemma. 
ter contain d under theſe Lines, will be equal to the 

Angle that the Tangents make with one another. 

For in the four-ſided Figure GAB D, all the 

Angles make four Rights : But the Angles A and B 

| I 2 make 
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Lecture make two Rights, by the 18th Prop. Book Third, of 
XI. Euclid : Wherefore the Angles AGB and D, are 
L aequal to two Rights. But by the 13th Prop. Book 
oy Firſt of Euclid, the Angles AGB and E GB, are 
equal to two right Angles; and therefore the Angles 
D and EGB are equal, fince the Angle AGB 

makes two right Angles with either of them. 
The Dimen- LEH the Circle AB K repreſent the Globe of the 
3 A 7 Earth, AM the Line which joins the Centers of 
tbe Cen the San and Earth; to which let the Diameter 
Shadow, CB be perpendicular: If from B there be drawn 
= VII. to the Center of the Sun the Line EF, this Line 
| | . 5. will be parallel ro the Line CM, as has been 
ſhewn : Make the Angle B CD equal to the appa- 
; 5 rent Semidiameter of the Sun; that is, equal to the 
Angle under which the Semidiameter of the Sun is 
ö | ſeen from the Earth, and then through D draw the 
4 Tangent DG. By the Lemma above demonſtrated, 
| the Angle GE F will be equal to the Angle BCD, 
or to the apparent Semidiameter of the San; and 
5 therefore, ſince the Line B F produced goes to the 
Center of the Sun, the Line GE D muſt touch its 
Circumference, and it will alſo touch the Earth, 
F and being produced, will meet with the Axis of the 
Shadow CH in H, fo that the Angle DH C will 
: be half the Angle of the conical Shadow. Now 
| | ' becauſe EF is parallel to MH, the Angies DHC 
| and GE F are equal, by the 29th Prop. Book Firſt, of 
| Euclid. But GE F is equal, as has been ſhewed, 
to the apparent Semidiameter of the Sun; where- 
| | fore the whole conical Angle KH D is equal to 

the apparent Diameter of the Sun. 
| ' Tas fame Thing is to be demonſtrated of the 
ITO Moon, and univerſally, the Sun's apparent Diame- 
| ter remaining the ſame in all Spheres, which are 
| not bigger than the Earth; the Angles of the co- 
| 
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Theſe An. nical Figures which include the Shadows are all 
gles in all equal, and all their Shadows will be ſimilar Fi- 


2 Ver gures. This may likewiſe be demonſtrated in this 
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F D, SC produced, meet in M A 
| * N MS Bil be halt the wy 4 Os 

i l Triangle 1, 

| Auge ADS 1 Ws to both the inward 2 . 0 
a oe Angles, by Prop. 32. Book Firſt of a 1 5 
tha is, the Angles D MS and DSM are om 
the Angle ADS ; but the Angle DSM is nothing, 
or next to nothing, being the Angle un ra OD 
. the Semidiameter of the Earth appears as ſee _ 
the Sun; and the Angle ADS is the apparent 
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Ler AGF be the Sun, DH E the Earth, SC Lecture 


the Centers of the Sun and Earth, 
AD a right 


diameter of the Sun; therefore the Angle D MS, 


; þ | to the ap- 
or the Semiangle of the Cone, is equa p 


parent Semidiameter of the Sun. 
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Plate VIII, 


Fig. 1, 


L-B-C-£.DU KEE: XU. 


Of the Penumbra and its Cone; the 
Height of the Shadow, and the ap- 
parent *Diameters of the Shadows. 


FRB rsDEs the Shadow which is deprived 

SE of all the Suns Light, there is a certain 

Jo Space which is bur a partial Shadow, 

and is called a Peuumbra; tor tho' all 
the Sun's Body does not illuminate it, 
there are, for all that, Rays coming from ſome Part 
of the Sun, which do enter it, and render it lucid, 
the reſt of the Suns Beams being intercepted by the 
opake Body of the Earth; and the Parts of this Pen- 
umbra will have different Degrees of Illumination, 
according as they are nearer or further removed 
from the Shadow. The Space of the Penumbra is 
to be determined in this Manner: 

LET the Circle AE E G repreſent the Sun, HED 
any opake Sphere, for Example, the Moor, it being 
her Penumbra that we are at preſent concerned 
with; S C the Line which joins the Centers of both 
Spheres. Draw the Line FD O, touching the left 
Side of the Sun, and the right Side of the Moon; 
and the Line AHP, which touches the right Side 
of the Sun, and the Left of the Moon: Let theſe 
two Lines cut the Line SC in I. The Point I re- 
maining immoveable, either of the right Lines 
IDO, or IHP, being extended indefinitely, ler 
them be turned round the Axis IM, with a coni- 
cal Motion, ſo that they may always touch the 

Globe 
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Globe of the Moon; there will by that means be Lecture 


generated an indefinite conical ſurface, including 


both the Shadow and the circumambient Space www 
ODM PHM; into which Space ſome Rays of 
the Sum are hindred from entering by the opake Body 
of the Moon: And this is the Space which we call 
the Penumbra, which is darker in X or Y, which 


are nearer the Borders of the Shadows, than in V 


and N, which are nearer the conical Surface. For 


the Places X and Y are illuſtrated with a ſmaller 
Portion of the Suns Disk, than the other Places 
# further diſtant from the Axis of the Cone. Now, 
if the Earth come within this Space, a certain Por- 
tion of its Surface at 8 may be included in the to- 


tal Darkneſs, and the Inhabitants of that Region 


will ſe a total Eclipſe of the San; but thoſe who 


live without this Shadow, but are ſtill within the 
Penumbral Space, as about Q and X, will have no 
total Darkneſs, ſome Part of the S»x's Disk being 
ſtill viſible, while the reſt is hid by the Moor. 
For let us draw from Q the Line QD, touch- 
ing the Globe of the Mooz ; which being produ- 
ced to the Suu, the Point Q being immoveable, 
if the Line QD indefinitely extended be moved 
by a conical Motion round the Moon, the co- 
nical Surface it deſcribes, will cut off a Por- 
tion of the Sun's Disk, which is covered by the 
Moon. 


W find the Dimenſions of the Cone of the Plate VIII.“ 
Penumbra in this Manner: Let the Circle HD L Ee — 
repreſent the opake Sphere of the Moon, S C the Lene of the : 
Line joining its Center with the Center of the cmica! Pen- 


Sun; and let CB, the Semidiameter of the Mooz, umbra. 


be perpendicular to CS, and BF parallel to it 
touching the Moon in B. Make the Angle BCD 
equal to the apparent Semidiameter of the Sun, 
and through D draw DG a Tangent to the 
Moon. And by the Lemma premiſed, the Angle 
FEG will be equal to the Angle BCD, or to 
the apparent Semidiameter of the S; and there- 

bs I 4 fore, 
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fore, ſince the Line E F 0es to the Center of the 
Sun, the Line E DG mult touch the inferior Limb 


WAY WS of the San: But it alſo touches the Moon; and 


Plate VIII, 
Fig. 3. 


The Height 


F the ; 


Earth's 
Sbadoxo. 


The Height 


of the 
gw. 
Shadow, 


therefore the Point I of this Line being immoveable, 
if it be carried by a conical Motion round the 
Moon, it will generate the Surface which includes 
the Penumbra. And becauſe of the Parallels. E F, 
CS, the alternate Angles FEI and EIC will be 
equal; but the Angle E C is the Semiangie of the 
Cone, and FEI is the apparent Semidiameter of 
the Sun; and therefore half the Angle of the Pen- 
umbral Cone is always equal to the apparent Se- 
midiameter of the Sn. The Cone therefore of 
the total Shadow, and that Part of the Peuumbral 
Cone which lies between the San and the Moor, are 
equal and ſimilar Figures; for they have their ver- 
tical Angles and Baſes equal. 

Treg Height of the Shadow of the Earth is 
thus determined: Let CT be the Semidiameter 
of the Earth, TM the Height of the Cone or 
Shadow: If TM be the Radius, CT will be 
the Sine of the Angle TM ©, which is half the 
Angle of the Cone. And this Angle is equal to 
the apparent Semidiameter of the Sun, as has been 
ſhewed, and in the mean Diſtance of the Sun, is 
about 16 Minutes. Let therefore the Sine of 16 
Minutes be to the Radius, as the Semidiameter 
of the Earth to a fourth; and we ſhall find T M 
equal to 214, 8 Semidiameters of the Earth: But 


when the Sun is at his greateſt Diſtance, half the 


Angle of the Cone is 15 Minutes, and 50 Se- 
conds; and the Height of the Shadow becomes 
217 Semidiameters of the Earth : And fince the 
Diameter of the Earth is to the Diameter of the 
Moon, as 100 is to 28 ; the Altitude of the 
Earth's Shadow wilt be to the Altitude of the 
Moon's in the ſ:me Proportion; for the conical 
Shadows are ſimilar Figures; and therefore the 
Height of the Moon's Shadow will be 59,36 Se- 
midiameters of the Earth. Hence, if the 4 

| O 
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of the Moon from the Earth be greater than her 
mean Diſtance, which is about 60 Semidiameters 
of the Earth, the Shadow of the Moon cannot 
reach the Earth; in which Caſe there may be a 
central Eclipſe of the San, but not a total one: 
But round the Moon, there will appear Part of the 
Sun's Body, in the Form of a luminous Circle, 
which, like a bright ſhining Ring of Gold, will 
embrace the Body of the Moon. It alſo follows, 
that if in the Time of the Eclipſe, the Anomaly 
of the Moon be leſs than three Signs, or bigger 
than nine Signs, there can no-where be a total 
Eclipſe of the Sun; for in all theſe Degrees of 
Anomaly, the Diſtance of the Moon is greater than 
her mean Diſtance. 

To find how much of the Earth's Surface can 
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The Portion 


be involved in the Moons Shadow in the Time 9 ***Earth's 


of an Eclipſe, when it directly falls upon it : 


Surface that 


may be in- 


Let us ſuppoſe the Diſtance of the Sn to be vo in 


Height of the conical Shadow of the Moon is 
about 60 Semidiameters of the Earth: Let us 
likewiſe ſuppoſe the Diſtance of the Moon from 
us, to be the leaſt that can be, that the Earth 
may receive the moſt of the Shadow. This leaſt 
Diſtance of the Maon from the Earth is about 
56 Semidiameters of the Earth : Now let L 
repreſent the Moon, and T the Center of the 
Earth; LT the Diſtance of the Moon from the 
Earth, which is equal to 56 Semidiameters ; 
and ſince L M is 60, T M mult be four Semi- 
diameters, and TB will be to T Mas 1 to 4. 
But as TB is to TM, fo is the Sine of the 
Angle T MB, which is 15” 50”, to the Sine of 
the Angle TBM; by which Means we find 
the Angle T B M to be 63 Minutes and 10 
Seconds. Bur the Angle ATB is equal to 
both TMB and T BM, by 32 Prop. Book 1(t. 
of Euclid ; and therefore the Angle ATB is 79 
Minutes, and ſuch is the Arch AB; the double 
of which is the Arch BC, equal to 158 Minutes, 

or 


the greateſt that can be, in which Caſe the e Shadow. 


Plate VIII. 
F ig. 4. 
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Lecture or to 180 Exgliſb Miles. We have here ſuppoſed 
XII. the Axis of the Shade to paſs thro' the Center of 
Wy ww the Earth; which it does when the Centers of the 
Sun, Earth, and Moon, are in the fame Right Line 
reciſely: But when the three Centers do not lie 
in the fame Right Line, the conical Shade is cut 
obliquely, and the Figure of it upon the Earth is 
Oval, whoſe Diameter is eaſily to be determined 
by the Diſtance of the Mooz from the Sun ſeen 

from the Center of the Earth. 
Heco much of IF we inquire how much of the Surface of 


the Surface the Earth can be involved in the Penumbra, it 
may be in 


cluded in the May be found by this Means: Let us ſuppoſe the 
Penumbra. Apparent Diameter of the Sun to be the greateſt, 


Fr.; VUE which is when the Earth is in her Perihelion, 


and is about 16“ 237. Let ABD be the Earth, 
L the Moon, and AMB be half the Angle of the 
Cone, which is likewiſe 167/23“: By which we 
ſhall find the Height of it L M, equal to 58 


and a half Semidiameters of the Earth. Let the 


Moon be in her Apogeon, and therefore at her 
greateſt Diſtance from the Earth, which is 64 
Semidiameters of the Earth; and T M is equal 
to both TL and L M, that is to 1224 Semidia- 
meters. But by a Trigonometrical Theorem, T B 
is to T M, as the Sine of the Angle TMB is 
to the Sine of the Angle MBN or M BT. 
But TB is to T M as 1 is to 1224, and the 
Angle TMB is 16 Minutes 23 Seconds; and 
therefore we ſhall find our the Angle MBN to 
be 25 Degrees and 42 Minutes, which Angle 
is equal to both the Angles TMB and MTB. 
If therefore from the Angle MB N 35 Degrees 
42 Minutes, we ſubtract the Angle TMB, 
there will remain the Angle MT B 35 Degrees 
25 Minutes, which is the Meaſure of the Arch 
AB; whoſe double 70 Degrees and 50 Minutes, 
is equal to the Arch CAB, which makes about 

4900 Engliſh Miles. 
IF the conical Shadow of the Earth at the 
Diſtance of the Moon, be cut with a Plane 
| Perpen- 
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perpendicular to its Axis, the Section will be Lecture 
a Circle, which is called the Shadow, whoſe XII. 
Apparent Diameter ſeen from the Center of the WAY 
Earth is thus determined: Let T be the Cen- De Appa- 
ter of the Earth, CMT half the Angle of the , pan” 
Cone, FL H the Section whoſe Diameter is F H. Shade f 
Having the Angle of the Cone, we by that 4% Earth ar 
Means can find its Altitude T M; but we have 7 > ond 
alſo 'T L, the Diſtance of the Moon from the Sm 
Earth; and therefore we can find ML: But Plate VIII. 
we have alſo the Angle FM L; therefore we Fs. 3: 
can find out FG half the Diameter of the Sha- 
dow at the Diſtance of the Moon: And therefore 
in the rectangled Triangle FTG, having the two 
Sides FG and TG, we can find by Trigono- 
metry the Angle FT G, the apparent Semidia- 
meter of the Shadow ſeen from the Center of 
the Earth. It may likewiſe be thus found: Having ,,,,,,way 
FT the Diſtance of the Moon from the Earth, of fnding the 
and CT the Semidiameter of the Earth; in the. 
Triangle CFT, we may find out the Angle CFT, 
which is equal to the two Angles FMT and 
FTM: If therefore we ſubtract the Angle FMT), 
which is balf the Angle of the Cone, from the 
Angle CFT, we ſhall find the Angle FT M or 
FIT L: The Angle CFT is. the apparent Semi- 
diameter of the Earth, ſeen from the Moon, and is , 
called the Horizontal Parallax of the Moon, the We Hori. 
Reaſon of which we ſhall ſhew, when we come to mo Pa- 
treat about Parallaxes. Theſe apparent Semidia- 8 
meters of the Earth, or Horizontal Parallaxes of 
the Moon, conſtantly vary as the Diſtance of the 
Moon does, and they are found ready calculated in 
all Aſtronomical Tables. ; 

LET Q, M be a Portion of a Line in the Plane plate VIII. 
of the Ecliptick, & L a Portion of the Lunar Fis. 6 
Orbit which the Moon moves through, about 
the Time of Full Moon; which becauſe it is ſmall, 
may be repreſented by a Right Line. Let the 
Circle FMO repreſent the Shadow of the 
Earth at the Diſtance of the Moon, and its Cen- 
ter G; GL is the Latitude of the Moon 5 the 

ime 
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Lecture Time of Full Moon, which is almoſt equal to the 

XII. ſhorteſt Diſtance of the Moor from the Plane of 

WW Ag the Ecliptick. It is manifeſt that if G L, the Lati- 

Plate IX. tude of the Mooz, be greater than the Sum of the 

Fig: 1,2 Semidiameters of the Moon and Shadow); then the 

Moon will no Part of it enter into the Shadow : 

But if the Latitude of the Moon he juſt equal to 

theſe two Semidiameters, then the Limb of the 

Moon will juſt touch the Shadow, but not enter 

it: But if the Latitude of the Moon be leſs than 

this Sum, bur greater than their Difference, there 

will be a partial Eclipſe; and if the Latirude of 

the Moon be leſs than the Difference of the Semi- 

diameters of the Moon and Shadow, the Eclipſe 

„Will be total: And by this means we can find 

F Econ out the Ecliptick Terms or Limits, which are ſuch, 

Hen that if the Diſtances of the Moon from the Node 

be leſs than they are, in the Time of Full Moon, 

there will be an Eclipſe; if greater, there can 

Plate IX, be no Eclipſe. Let & S repreſent a Portion of 

Fig. 3. a Line in the Plane of the Ecliptick, parallel to 

7 the Earth's Orbit; $, L, a Portion of the Moons 

The Limits Orbit; S L, the Latitude of the Moon, when at Full: 

determined. And let us ſuppoſe the Latitude to be ſuch, that 

the Margin of the Moon may juſt touch the Sha- 

dow, and let the Node be at N. The Angle 

LA S is the Inclination of the Orbit of the Moon 

to the Plane of the Ecliptick, which is five De- 

grees; and LS the Latitude of the Moon, when 

its Limb touches the Shadow, equal to- 66 Mi- 

nutes; and therefore in the rectangular Triangle 

QLS, having LS and the Angle L & 8, we 

can find & 8, the Diſtance of the Node from the 

Point of the Ecliptick oppoſite to the Sun, which 

is 754 Minutes, or 12 Degrees 34 Minutes. And 

if in the Time of Full Moon, the Moon's Place in 

the Ecliptick be further diſtant from the Node, than 

12 Degrees 34 Minutes, there can then be no 
Eclipſe of the Moon. 1 

LET L be the Center of the Moon, whoſe coni- 

cal Shadow is DME. Imagine this Shadow cut 

at 
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at the Diſtance of the Earth, with a Plane per- Lecture 
pendicular to its Axis ; the Section Will be a Cir- XII. 
cle, whoſe Semidiameter TP is called the Semi- 


diameter of the Moon's Shade: Now the Angle Plate IX, 


under which this Semidiameter appears, ſeen out *'& + 
of the Moon, is equal to the Difference of the Se- . D;jame. 
midiameters of the Sun and Moon ſeen from the ter of the 
Earth: For the Angle LP D is the apparent — 
midiameter of the Moon ſeen from the Earth, 3 
which is equal to the two internal Angles PM Len from 
and PI. M; and therefore, if we ſubtract from“ Moon, 
the Angle L PD, which is the apparent Semi- 
diameter of the Moon, the Angle P M L, which 
is equal to the apparent Semidiameter of the Sun, 
there will remain the Angle PL T, the appa- 
rent Semidiameter of the Shadow ſeen from the 
Moon. 

AGAIN : Let L be the Center of the Moon, AMB Plate IX. 
the Penumbral Cone of the Moon, extended as far £'8: 5. 
as the Earth, and its Axis MT; if this Cone ar 
the Diſtance of the Earth be cut by a Plane tranſ- 
verſely, the Section will be a Circle whoſe Semi- 
diameter is A T, and is called the Semidiameter of 
the Penumbra. And the Angle under which it ap- 
pears from the Moon, is the Angle TL A, which 
is the external Angle of the Triangle L MA, and 
is equal to both the inward Angles LAM and 
LMA. But the Angle LMA is halt the Angle 
of the Cone, which is the ſame with the appa- 
rent Semidiameter of the Sun; and MAL or CAL 
is equal to the apparent Semidiameter of the Moon , 
ſeen from the Earth; and therefore the Apparent The Appa- 
Semidiameter of the Penumbra ſeen from the Moon, rentSemidia- 
is equal to the Sum of the Semidiameters of both ee 
the Sun and Moon. PER 

IF the Sun had no apparent Motion ariſing from 22. , of 
the real Motion of the Earth, the Way of the Mogn i: Moon 
from the Sun would be the fame with her real unte Sun. 
Way in her Orbit: But becauſe, while the Moon is | 
proceeding in her Orbit, the San alſo ſeems to 
move in the Ecliptick, the Way the Mon moves 


towards 
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Lecture towards or. from the Sun, will be different from 


XII. 


Plate IX. 


Fig. 6. 


that which ſhe has in her Orbit; and its Incli- 
nation to the Ecliptick will be greater, than the 
Inclination of the Orbit to it. Let QA be a 
Portion of the Moon's Orbit produced to the Eclip- 
tick: And ſuppoſe the Sun and Moon in Con- 
junction in the Node: Now, then, while the Moon 
in her Orbit deſcribes the Space & L, the Sun 
by his apparent Motion will deſcribe the Space & S 
in the Ecliptick, and S L will be the Way of the 
Moon from the Sun. Now if two Bodies be both 
moved the ſame Way, but one faſter than the 
other, their relative Motion, whereby the one re- 
cedes from the other, is the ſame as if the {loweſt 
Body ſtood ſtill, and the other moved on with the 
Difference of Velocities, as we have demonſtrated 
in our Phylical Lectures. Throꝰ the Place of the 
Moon L, draw BL parallel to the Ecliptick, to 
which let QB be perpendicular. Now while 
the Moon in her Orbit deſcribes the Space & L, 
its Motion according to the Ecliptick is equal 
to the Space BL; take LI equal to & S, and 
draw &Q/, it will be parallel to SL; and the 
Motion of the Moon from the Sun will be the 
ſame as if the San had remained in the Node, 
and the Moon, according to the Ecliptick, had 
been carried with the Velocity B which is 
the Difference of the Velocities of the Sun and 
Moon, according to the Ecliptick. Becauſe the 
Angles BLQ and B/& are but ſmall, the An- 
gle BL 5 will be to the Angle BIA, as BI is 
to BL; that is, as the Difference of the Motions 
of the Sun and Moon, according to the Eclip- 
tick, is to the Motion of the Moon, in the 


* Ecliptickz; ſo will the Angle which the Orbit of 


the Moon makes with the Ecliptick, be to the 
Angle B/ K, which is equal to the Angle LSE, 
or the Inclination of the Way of the Noon from 
the Sun to the Ecliptick: And by this means 
we can find out the Angle which a Circle of 
Latitude, drawn through any Point of the 1 2 

Ack, 
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tick, makes with the Way of the Moon from the Lecture 


Sun. For in the rectangular ſpherical Triangle, 


which the Ecliptick, the Circle of Latitude, and. 


the Way of the Moon from the Sas do form, we 
have one Angle, which is the Inclination of the 
Way of the Moon from the Sus to the Ecliptick, 
and its Baſe, which is the Diſtance of the Circle- 
Latitude from the Node; and therefore we can find 
the other acute Angle. 


Add Kode dd N III ede 


LEG TUXIE III. 


Of the Projection of the Moon's Shadow 
on the *Disk of the Earth. 


Fel a Right Line be projected on a Plane 

chat is parallel to it, by letting fall from 
all its Points Perpendiculars on the 
Plane, the Projection, or the Place 
where all Perpendiculars meet with 
the Plane, will be a Right Line, parallel and 
equal to the former Line which was projected. 
For the Perpendiculars that fall from the Extre- 
mities of the Right Line, are parallel and equal ; 
and therefore the Lines which join them will be 
parallel and equal. 

HENck, if two Right Lines touching one an- 
other, be parallel to any Plane, the Projections 
of theſe two Lines upon that Plane, will contain 
an Angle, equal to the Angle the Lines them- 
ſelves make together; this is plain by Prop. 10. 
Book XI. of Euclid. Hence all Plane Figures 
projected on a Plane parallel to themſelves ou 

| or 
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Lecture for their Projections, Figures exactly ſimilar and 
XIII. equal to themſelves. 
WAS BuT if a Line be inclined to any Plane, its 
Plate x. Projection upon that Plane, made by letting fall 
Fig-1- from it Perpendiculars to the Plane, will be to 
the Line itſelf, as the Coſine of the Inclination 
of the Line is to the Radius. For let AB be 
a Line inclined to the Plane, and let DE repreſent 
the Plane: Letting fall from the Points A and 
B, the Perpendiculars A a, Bb; ab will be the Pro- 
jection of the Line AB; to which if we draw 
through B the parallel Line B C, meeting with 
the Perpendicular Aa in C, this Line BC is 
equal to ab: But BC is to AB, as the Sine of 
the Angle CAB, or the Coſine of the Angle ABC 
to*the Radius; that is, as the Coſine of the Angle 
of Inclination is to the Radius, ſo is 4b to AB. 3 
Hence it follows, that every Figure, whoſe Plane ; 


is perpendicular to the Plane of the Projection, is 
projected in a right Line. For the Perpendiculars 

trom every Point of the Figure, will all fall upon | 

the common Interſection of the Plane of the Figure, 2 

An Ortho-with the Plane of the Projection. Such a Pro- 
graphical jection of Lines and Figures is called an Orthogra- * 


A —_ phical Projection. £ 
Ir we imagine a Plane to paſs through the i 


Center of the Earth, ſo that the Line which 
joins the Centers of the Sun and Earth, may 
be perpendicular to this Plane, it will make on ® 
the Surface of the Earth a Circle, which will 1 
ſeparate the illuminated Hemiſphere of the Earth | 
from the dark. This Circle we before called | 
the Circle bounding Light and Darkneſs, but 

The Di of We will now call it the illuminated Disk; which 5 

ebe Earth. Disk is directly ſeen by a Spectator placed at ; 
the Diſtance of the Moon, in the Right Line | | 


A 
* 


which joins the Centers of the Sun and Earth, 
Upon this Circle the Earth's Equator, its Pa- 
The Ortho- rallels, Poles, and all the other Circles which 
graphical we imagined, are to be ſuppoſed, projected Or- 
8 mT , B.. Vographically. For all Lines drawn m_ ny . {7 
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Center of the Sun to every ſingle Point of the Lecture 
Disk, are to be accounted parallel ; and therefore XIII. 
ſince that Line which is drawn to the Center of.. 


the Disk is perpendicular to it, all the reſt will 
be perpendicular to it; and therefore all Lines 
drawn from the Center of the Sun, and paſling 
through every Point of any Circle upon the 
Earth's Surface, when they are produced, will be 
perpendicular to the Plane of the Disk. More- 
over a Spectator in the Moon will fee all Coun- 
tries, Cities and Towns, to move upon the Disk, 
which Motion is occaſioned by the Rotation of 
the Earth round its Axis, and every Point will 
have its Way on the Disk; for by the diurnal 
Gyration all Places deſcribe either the AÆquator, 
or one of its Parallels; and if the Su be in the 
Plane of the Æquinoctial, or rather, if the Plane 
of the ZEquinoctial paſſes through the Sur, the 
Aquinoctial and all its Parallels are in that Caſe 
projected into right Lines; for they will all be per- 
pendicular to the Disk, or the Plane of the Pro- 


jection. But in other Poſitions the Projections 


of theſe Circles will be Ellipſes, which are the 
Ways that all the Places of the Earth are ſeen 
to move in on the Disk: Now if through the 
Pole and the Sun there be a great Circle drawn 
which cuts the Earth, and this Circle be projected 


——— — 


on the Disk, we ſhall have an univerſal_Meridian, The unver- 
to which when any Place is obſerved ,to come, , Meridi/- 


the Inhabitants of that Place will have Mid-day.“ 


And when any Place is firſt ſeen to touch the 
Weſtern. Limb, or Edge of the Disk, the Inha- 
bitants of that Place will then ſee the Sun 
ariſing upon them. But a Spectator at the 
Moon will fee the Place to riſe and come upon 
the Disk, and will ſee it move towards the 
Eaſt : And as ſoon as it has paſſed the univer- 
ſal Meridian, the Place then being gone to the 
Eaſtward, the Sun ſeen out of the Earth from 
the Place will appear to move Weſtward. Bur 
when the Place comes * the Eaſtern Edge * 

| the 
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Lecture the Disk, our Spectator in the Moon will obſerve 
XIII. the Place to ſer in the Disk, and hide itſelf in the 
WW dark Side; but the Inhabitants of that Place upon 
the Earth's Surface will ſee the Sun ſet in the Weſt, 
. and withdraw himſelf our of Sight. 

The Bigneſs IHE Bigneſs of the Disk is to be eſtimated 
ef the Di by the Angle under which the Earth is ſeen from 
«termined. the Moon, and is of the ſame Quantity with the 
Horizontal Parallax of the Moon. And if from 
the Moon there be let fall a Perpendicular upon 
the Plane of the Ecliptick, which meaſures the 
Diſtance of the Moon from the Ecliptick, this 
Line being parallel to the Plane of the Disk 
will be projected inio a Line equal and parallel 
to itſelf ; and the Angle under which the Pro- 
jection of this Line appears from the Moon, 
will be equal to the Angle under which the ſame 
Line is ſeen from the Earth; for equal right 
Lines at equal Diſtances, being ſeen directly, ap- 
The Prejec- pear under equal Angles. The Way of the 
= of the Moon from the Sun, if ſuch a ſmall Portion of 
Way on the it be taken as is turned towards the Disk in the 
Dick, Time of an Eclipſe, may be eſteemed as a Right 
Line, and will be projected upon the Disk into 
a Right Line, which is equal to itſelf; and its 
Projection with the Projection of the Circle of 
Latitude will contain the ſame Angle, that theſe 
two Lines make in the Heavens: The Specta- 
tor in the Moon will fee this Line to be deſcri- 
bed upon the Plane of the Disk, by the Cen- 
ter of the Shadow and of the Penumbra which 

coincide. 


Plate X. Lxr now the Circle D G K repreſent the 


Fig.2,3,4,5+ Disk of the Earth, whoſe Semidiameter let us 
ſuppoſe ro be divided into as many Parts as the 
Horizontal Parallax of the Moon contains Mi- 
nutes and Seconds. Let the Line N T repre- 
ſent the Diſtance. of the Moon from the Eclip- 
tick in the Time of New Moon, projected on 
the Plane of the Disk; which alſo muſt conſiſt 
of as many Parts as the Latitude of the Moor 

| | contains 
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blerve eontains Minutes; and let likewiſe K & be a Por- Lecture 
in the tion of the Ecliptick, & / a Portion of the Way of XIII: 
Upon the Moon from the Sun, both projected on the Plan 
Weſt, of the Disk. From the Center T, ler fall on the 7% 7 _ 


t 


Way of the Shadow a Perpendicular TV; this 1 La- 


nated Line will meaſure the leaſt Diſtance that is between rid. 
from the Centers of the Disk and Shadow. At the Cen- 
| the ter V deſcribe a ſmall Circle, whoſe Semidiameter 
rom may be equal to the Difference of the apparent Se- 
pon Rs oy of the Moon and Sun; this Circle will 
the 7 repreſent the Breadth of the Shadow: For we have 
this Z ſhewed, that this Shadow ſeen from the Moon, at The Shad 
— the Diſtance of the Earth, was equal to the Exceſs ee. 
lle = whereby the apparent Diameter of the Moon exceeds 
ro- that of the San. Again, let there be deſcribed an- 
07, other Circle HM, at the Center V, whoſe Semi- 
me diameter VH bears the ſame Proportion to the 
ht Semidiameter of the Disk, as the Sum of the Semi- 
p- diameters of both Sun and Moon bears to the ap- 
he parent Semidiameter of the Earth ſeen from the 
of Moon; or, which is the ſame, to the Horizontal 
Ne Parallax of the Moon : This Circle will repreſent The Pen- 
It the Penumbra, projected at its ſhorteſt Diſtauce 2 = 
0 from the Center of the Disk: For we have ſhewed /* 
8 that the apparent Semidiameter of the Penumbra, 
f ſeen from the Moon, was equal to the Semidiame- 
8 ters of both Sam and Moon. And therefore, if this 


Circle does not touch the Disk, there can be no 
Eclipſe; that is, if the Diſtance V be greater than 
the Sum of the Semidiameters of the Disk and the 
Penumbra; or, which is the ſame, greater than the 
Sum of the Semidiameters of the Sun and Moon, 

and of the Horizontal Parallax of the Moon, there 


without obſcuring the Sun, or any Part thereof: ws 'pſe f 
But if VT be leſs than this Sum, rd is, if it be leſs Earth 
than V M and T R, the Pexumbra will cover ſome ,,,,_ — 
Part of the Disk; and thoſe that lie within the % ze an 
Segment RAM Y, will ſee at leaſt a partial Eclipſe Eipſe. 
of the Sun. But if — VT be leſs _ 

2 f the 
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the Difference of the Semidiameter of the Disk, 
and the Semidiameter of the Shadow, then the Sha- 
dow will cover ſome Part of the Disk, and make a 


Total Eclip- total Eclipſe of the Sun in all thoſe Places it paſles 


ſes of the 
Sun, 


The Eclip- 


over. Theſe total Eclipſes are always but for a ſmall 
Portion of Time, becauſe the Diameter of the total 
Shade is but ſmall ; the apparent Diameter of the 
Moon never exceeding the apparent Diameter of the 
Sun, but by a very ſmall Matter, which is ſeldom 
equal to two Minutes; which Space the Center of 
the Shade paſſes over on the Disk in the Space of 
four Minutes of Time: But yet the Stay that it may 
make on any Place, may be longer than this; upon. 
the Account of the Motion of the Place which fol- 
lows the Shade. 

Hence we may know the Ecliptic Limits, or 


tick Limits, the Diſtance of the Moon from the Nodes, at the 


Plate X. 
Fig. 6. 


Time of New Moon; fo that an Eclipſe of the Sun 
may be poſſible : For let the Circle R OG repre- 
ſent the Disk of the Earth; & TK and & N, the 
Projections of a Portion of the Ecliptick, and of 
the Way of the Moon from the Sun upon the Plane 
of the Disk. And let T V be the leaſt Diſtance of 
the Center of the Disk and Shadow ; which K 
equal to the Sum of the Semidiameters of the Disk 
and Penumbra: Then in the rectangular Triangle £) 
TV, we have the Side TV; which, when it is 
biggeſt, is about 943 Minutes. We have likewiſe 
the Angle at N, which, when it is leaſt, is 5 De- 
grees and 30 Minutes: From whence we ſhall find 
& T equal to 986 Minutes; or to 16 Degrees and 
26 Minutes. And ſince in this Caſe the Penumbra 
only touches the Disk, it is plain, that there can be 
no Eclipſe, unleſs the New Moon be nearer to the 
Node, than 16 Degrees and 26 Minutes. 

LET the Circle RK G, as before, repreſent the 
Disk of the Earth; & T K a Portion of the Eclip- 
tick projected on the Plane of the Disk; & / the 
Way of the Moox's Shadow on the Dick ; TN 
the Latitude of the Moon, and T V the ſhorteſt 
Diſtance of the Centers of the Shadow and * 
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Let the Circle OPQ be the Penumbra, moving Lecture 
from D by V to/; in the Middle of which is a XIII. 
© ſmall Circle repreſenting the Shadow: And let us 
# ſuppoſe we know the Time of the Conjunction ; 
that is, when the Center of the Shadow is in N, 
wich we find by Aſtronomical Tables; by that 
Means we can find the Time when the Center of 
the Shade is in V, that is, the Time of the Middle 93, 97me of 
of the general Eclipſe. For in the rectangled Tri- the Middle 
angle TVN, we have TN the Latitude of the, ** 


Moon, and the Angle T NV, which the Circle of “H. 
Latitude makes with the Way of the Moon from 
the Sun; and therefore we can find VN and TV. 
But by the horary Motion of the Moon from the Sun, 
we can find out the Time the Shadow will paſs 
through the Space NV; and this Time, eitber 
added or ſubtracted from the Time of the Conjunc- 
tion, will give the Time of the Middle of the 
Eclipſe. Moreover, in the Triangle DVI, right- 
angled at V, we have the Side DT, which is the 
Sum of the Semidiameters of the Dis and Penumbra, 
and the Side T V the ſhorteſt Diſtance of the Shade 
from the Center of the Disk ; therefore we can find 
out the Side DV, and by it the Time when the 
Shade enters the Disk; and from that we ſhall 
have the Semiduration, or half the Time the Eclipſe 93. $-»:;4- 
continues upon the Disk. After the ſame Manner ration. 
we ſhall find the Time when the Shade leaves the 
Disk,-or the Time of the End of the Eclipſe. 

HAviING the Place of the Sn in the Eclip- 
tick for any Moment of Time, we can thereby 
find the Place on the Surface of the Earth, upon 
which the Sun at that Time is vertical: For the La- 
titude of the Place is equal to the Declination of 


the Sun at that Time; and its Longitude is found 


by turning the Time from the Meridian into De- 45 fd the 
grees and Minutes of the Æquator, allowing for Pace to 
every Hour 15 Degrees, and for every Minute of 2 8 
an Hour 15 Minutes of a Degree. For Example, ical. 
The Longitude of a Place, in whoſe Vertex the 

Sun is, when at Oxford we reckon nine and an 


K 3 halt 
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Lecture half in the Morning, is known by ſubtracting 9 
XII. and a half from 2 and men moe ir ag 2 
WAYS Hours and thirty Minutes; which, multiplied by 15, 
make 37 Degrees and 3o Minutes. And therefore 
that Place will be 37 Degrees and 30 Minutes to the 

4 of Oxford. 

ET the Circle FR K repreſent the Disk, as 
before; FT K a Portion of the Ecliptick projected 
on the Disk; on which from the Center erect the 

late x, Perpendicular TR: This Line will be the Projec- 
Fig. 7. tion of the Axis of the Ecliptick, and the Point R 
of its Pole. Let the Point P be the Projection of 
the Poſe of the Earth: Through T and the Pole P 
let us imagine a Circle to paſs, and. to be projected 
on the Disk. This Circle will repreſent the univer- 
The Elewa- Tai Meridian ; and the Elevation of the Pole above 
tion of the the Plane of the Disk, will always be equal to the 
1 de Declination of the San. For the Arch of the Me- 
ns „ ridian between the Sun and the Periphery of the 
| Disk, is a Quadrant of a Circle; and the Arch of 
the Meridian between the Equator and the Pole, 
is likewiſe a Quadrant : Wherefore taking away 
from equal Arches the common Arch TP, there 
will remain PS, the Elevation of the Pole above 
the Disk, equal to the Diſtance of the Sun from the 
Equator. 

To fend the IT is here to be obſerved, that when the Sun is 
Porn of in the Signs WW XV IH or rather when the 
* -obicy Earth is in the oppoſite Signs, the Point 8, wherein 
paſſes thre* the univerſal Meridian cuts the Limb of the Disk, 
eb: Sun, will fall towards the right Hand of the Pole of the 
Ecliptick. But when the Sz is in the other fix 
Signs, the Point S falls upon the other Side of the 
Pole of the Ecliptick, contrary to what happens when 
the Projection is ſuppoſed to be made in a Plane 

parallel to the Disk at the Orbit of rhe Moon. 
To find the Angle RTS, or the Arch of the 
Disk intercepted between the Pole of the Ecliptick 
and the Point 8: In the right-angled ſpherical Tri- 
angle RPS, we have the Arch RP, the Diſtance 
bf the Poles of the Ecliptick and AÆquator 234 De- 
| grees ; 
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Fl. ees; alſo the Side PS, which is equal to the De- Lecture 
FClination of the Saen: Wherefore, by Trigonometry, XIII. 


e may find the Side RS, or the Meaſure of the 
le RTS. | 
To find the Place upon - the Earth's Surface | amp 1 
„where the Sun riſing begins to be in an Eclipſe 1 
in its upper Limb, and where the Shadow enters we is 
i Draw through the Pole the Meridian 41 
PQ, to the Point Q, where the Penumbra firſt 2 yy 
rouches the Disk. And firſt, in the right-lined Tri- 
angle DT V, having DT and T V, we may know 
the Angle DTV; to which if we add or ſubtract 
a given Angle V T P, which is the Sum or Diffe- 
rence of two known Angles VT N and NT B 
we ſhall have the Angle QT P. And then in the 
ſpherical Triangle on the Surface of the Earth 
$ PQ, which is right-angled at S, we have SP 
equal to the Declination of the Sun; and the Arch 
SO which is the Meaſure of the known Angle 
STQ; from whence we may find the Arch P 
the Complement of the Latitude of the Place Q, 
and the Angle SPQ, whoſe Complement to two 
Rights is the Angle QP T, contained between the 
f Meridian of the Place Q, and the Meridian of that 
Place to which the Sun is then vertical; and is the 
Meaſure of the Diſtance of the Meridian of the 
Place Q, from that of the Place which has the Sun 
in the Meridiari at that Time. But we know the 
Place which has the Sz at that Time in its Meri- 


| dian ; wherefore we know likewiſe the Meridian 
or Longitude of the Place Q: Bur its Co-Latitude 
PQ was before found out. Having therefore both 


the Longitude and Latitude of that Place, the Place 
7 itſelf muſt be known. | 


By the ſame Method we can find out the Place, 
of the Earth, which is firſt involved in the total 
Shadow. And by a like Proceſs we may find out 


the Place M on the Surface of the Earth, which 


is under the total Shadow ar any Point of Time, 
þ either before or after the Middle of the Eclipſe. 
For the Time being known, we may find by the 
horary Motion of the Moon from the Sun, the 


K 4 Line 
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Lecture Line M and the Point M, where the Center of 
XIII. the Shadow lies; and in the right-lined Triangle 
MVT, having MV and VT, we may find MT 

and the Angle MTV,; to which if you add or 

ſubtract the known Angle V T P, we ſhall have the 

Angle MTP. Bur MT is the Sine of an Arch of 

the vertical Circle which paſſes through M, and the 

Point of the Earzh's Surface directly under the Sun, 

the Semidiameter of the Disk being made the Ra- 

The Deter- dius. And therefore, if we ſay, As the Semidiame- 
— ter of the Disk is to MT, ſo is the Radius to the 
involved zy Sine of an Arch; the Arch found out by this 
che Shadew, Proportion will be the Distance of the Sun from 


3 the Vertex M: And therefore in the ſpherical Tri- 


angle on the Surface of the Earth MPT, we 

have PT the Diſtance of the Sun from the Pole; 

and MT the Diſtance of the San from the Vertex, 

and the Angle MTP. Hence we can find MP, 

which is the Complement of the Latitude of the 

Place; and the Angle MPT, which ſhews the 
Difference of the Meridians of the Place M, and 

of that Place to which the Sz at that Time is 

vertical ; which Place by the Time is known, and 
therefore we can find the Place M. And by this 

Method we may find ſeveral Places over which 

the Shade does pals ; and if they be joined by Lines, 

we {hall have the Way of the Shade upon the Sur- 

face of the Earth. 

Tu Portion of the Diameter of the Sun ob- 

ſcured by the Moon, is known by the Situation of 

the Spectator within the Penumbra; or by his Di- 

ſtance from the Center of the Shade. For Jet 

ASB be the Diameter of the Sun, parallel ro the 
Diameter of the Penumbra EF; draw the Line 

Plate Xx. MCB, touching the ſuperior Edges of both Sun 
Fig. 8. and Moon; and let FCA alſo touch the inferior 
Margin of the Sn: Then the Angle ACB is 

equal to the apparent Diameter of the Sun; and 

The Portion the Triangles AC B and MCF are ſimilar. 
7 ay {my Suppole then a Spectator within the Penumbra at 

ia obſcus : f 

red by te G; draw the Line GCP, touching the Globe 
Eclipſe, of the Moon, which nearly paſſes through the for- 
mer 
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mer Point C, and cuts off AP, that Part of the Lecture 
Sun's Diameter, which is obſcured by the Moon, XIII. 
to the Spectator in G. But the Right Line GP, (GFW 
ſince it very nearly paſles thro* the Vertex of the 
Triangles MCF and ACB, will divide the Baſes 
AB and MF in a like Proportion. And there- 
fore AP is to AB, as FG to MF; that is, the 
obſcured Portion of the Sun's Diameter is to the 
whole Diameter, as the Diſtance of the Place from 
the Edge of the Penumbra, which is FG, is. to FM 
the Semidiameter of the Pexumbra diminiſhed by 
the Semidiameter of the total Shadow. 

Tg Aſtronomers commonly divide the Diame- The Quanti- 
ters of both Solar and Lunar Disks into twelve? 9 


equal Parts, which they call Digits; and by them Eels oi 


they meaſure the Quantity of the Obſcuration. Digits. 


And they ſay, the Eclipſe is of ſo many Digits, as 
the obſcured Portions conſiſts of ſuch Parts. 

IF we know the Polition of any Place upon Having the 
the Disk for any Point of Time, and it be de- * of 
ſired to find the Phaſis of the Eclipſe for that Time, , Bag, 4, 
as it is ſeen from the Place; it is to be found infnd the ' 
this Manner: Let S be the Poſition of the Place Phaſis f 
on the Disk; find out for that Point of Time, the IR 
Place of the Center of the Shade in its Path; 
which let it be M. At the Center M, with a Semi- 


diameter, equal to the Semidiameter of the Moon, 


deſcribe the Circle AF L: Alſo at the Center 8, 

with a Semidiameter 8 B, equal to that of the 
Sun, deſcribe rhe Circle EF G, which the Circle 
AFL cuts in E and F; then EBF A will be that plate x. 
Part of the Sun, which is covered by the Moon from Fig. 9. 
a Spettator in 8. For produce the Semidiameter 

of the Moon MA thro' 8, that AD may be equal 

to the Semidiameter of the Su⁰, which is equal 

to BS; and then MD will be equal to the Sum 

of the Semidiameters of both Sau and Moon; and 
therefore it will be equal to the Semidiameter of 


the Pexumbra: And the Diſtance of the Place from 


the Edge of the Penumbra is SD: And becauſe 
BS is equal to AD, AB will be equal to SD. 
Take AN equal to the Semidiameter of the Sun, 

| and 
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Lecture and then MN will be equal to the Difference of 
XIII. the Semidiameters of the San and Moon, which is 
a equal co the Semidiameter of the total Shadow. But 
we ſhewed, Fas: 136, that SD was to DN, as AB 
the Part of the Sun's Diameter obſcured was to 
the Sun's Diameter. But AB is equal to S D, 
and DN is equal to DA and AN, which are 
equal to two Semidjameters of the Sun, or to one 
Diameter of the Sun. Therefore AB is to the 
Diameter of the Sun, as SD, the Diſtance of the 
Place from the Edge of the Penumbra, is to DN, 
which is the Semidiameter of the Penumbra dimi- 
niſhed by the Semidiameter of 'the total Shadow. 
And therefore it is plain, that, AB muſt repreſent 
the Portion of the Szz's Diameter, which is then 
| ſeen to be obſcured. 
: HENCE alſo is determined the Poſition of the 
Cuſpides, Points or Horns of the Eclipſe; for b 
drawing the vertical Circle TS G, the Arches GE, 
G F, ſhew the Diſtance of the Points from the ſu- 
preme or higheſt Point of the Suz's Limb. 
IF the Velocity wherewich the Shadow goes 
5 over the Disk, be inquired for, it muſt be obſer- 
The Velocity ved, that the Way of the Moon from the Sup. is 
b e Projected on the Disk, in a Line parallel and equal 
Dial to itſelf; which Line is deſcribed by the Motion 
of the Shadow: And therefore the Velocity of the. 
Center of the Shade is equal to the Motion of the 
Moon from the Sun. Now the Motion of the Moon 
from the Sn is about 30 Minutes in an Hour; 
though it is ſometimes more, and ſometimes leſs. 
And therefore the Space, which the Center of the 
Shade moves through in an Hour, is about 
o+ Minutes of the Lunar Orbit. Now the Semi- 
2 of the Lunar Orbit is about 6o Semidia- 
meters of the Earth; and therefore one Minute of 
the Orbit of the Moon is as much as 60 on a great 
Circle of the Earth, or as much as one Degree, 
that is, 69 Engliſb Miles. And therefore 30 4 Mi- 
nutes are equivalent to 2104 Exgliſſh Miles; which 
Space the Shade moves through on the Disk in one 
Hour. But though this be the Velocity of the 
| Shadow 
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Shadow on the Disk, yet the Velocity whereby the Lecture 
Shade recedes from any given Place on the Earth's XIV. 
Surface, is leſs than it; by reaſon that while the Way 
Shadow moves from the Eaſt to the Weſt, all the ; 
Places of the Earth are likewiſe carried by the 
Rotation of the Earth the fame Way : And there- 

fore, following the Motion of the Shadow with a 

ſlower Pace, they diminiſh the Velocity whereby 

the Shade moves from them. 


CORINNE IIA IIRIRININIAG 


LECTURE XIV. 


A new Method of computing E clipſes 
of the Sun, as they are to be obſerved 
from any given Flace on the Earth's 


Surface. 


oppolite Part of the Penumbra leaves them. And And the Be- 
therefore, according to the different Situation of" 
Places, the Quantity of the vilible Eclipſes will be Faces LM 
different, as likewiſe their Beginning, End, and very diffe- 
Duration. | rent. 
THEREFORE to compute the particular Phaſes 
of an Eclipie, as it is to be obſerved from a 
certain 
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Lecture certain Place, we muſt here explain a new Method, 

XIV. whereby, without the troubleſome and tedious Cal- 

WAY culations of Parallaxes, which all the Aſtronomers 

| have made uſe of before, the particular Phaſes may 
be ſhewn. 

A new Me- LET therefore the Semicircle A E B, be half 

rd 3 the Disk of the Earth, in whoſe Circumference is 

baſes f, the Point E, which anſwers to the Pole of the Ec- 

a particular lipticx. And let the Pole of the Earth, or the 

Place. quator, be projected into P. Becauſe all the Places 

Plate Xt, Of the Earth, being carried by the diurnal Rota- 

Fig. 1. tion, deſcribe Circles, which are the Aquator or 

its Parallels, and all the Parallels, except in the 

LEquinoxes, are inclined to the Plane of the Disk, 

the Parallel which any Place deſcribes will be pro- 

jected into an Ellipſe, which will be the Way or 

Path in which that Place will be ſeen to move by a 

Spectator at the Moon. Let therefore FXIID be 

the Ellipſe in which the Parallel of any Place is 

projected on the Disk: And let the Points in which 

the Horary Circles cut the Parallels, be likewiſe 

8 And let theſe Points be VI, VII, VIII, 

„X, XI, XII, I II, III, IV, V, VI. So at Six in 

the Morning the Place on the Earth's Surface will 

be ſeen on the Disk at VI; at the ſeventh Hour it 

will be at VII, at Eight of the Clock it will be at 

VIII, and at Nine it will be in the Point IX, and ſo 


on. | 
LEr CT be a Portion of the Path of the Sha- 
dow received on the Plane of the Disk: And ſup- 
poſe the Cemter of the Shade at T'wo of the Clock 
to be in the Point 2; at Three of the Clock ler 
the Place of the Shadow be 3; and at Four let 
it be in the Point 4, Gc. At Two of the Clock 
the Seat of the Spectator on the Disk is II; and 
therefore his Diſtance from the Center of the Sha- 
dow is 2 II: But if we meaſure this Diſtance ac- 
cording to the Path of the Shadow, we muſt ler 
fall from the Place a Perpendicular to the Path, 
which let be II L, and the Diſtance thus eſtimated 
will be 2L; and the Point L will be the Poſition 
of the Place reduced to the Path of the * 
0 
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At Three of the Clock the Shadow is at 3, and the Lecture " 
Place at III, and their Diſtance is 3 III, which is leſs XIV. ll 
than the former Diſtance at Two. At the fourth Wy ww in 
Hour the Shadow is in 4, and the Place in IV. All W || 


which Time the Shadow advances nearer to the | Fl 
Place, till at laſt the Edge of the Penumbra touches [| 
it, and then the Eclipſe will begin at that Place. At py 
the fifth Hour, -when the Center of the Shadow is 1 
at 5, and the Place is in V, it will be there more li 


within the Penumbra than it was before, and the 
Shadow will be near the Place: But at Six, the 
Shadow being at 6, and the Place at VI, the Shadow 
will have got to the =_ of the Place, which is 
then in the Point of the Disk at VI; and therefore 
the Center of the Shadow has paſſed by the Place, 
and the Time of the ſhorteſt Diſtance between the 
Center of the Shadow and the Place, will be be- 
tween the Hours of 5 and 6. After this Time the 
Diſtance of the Shadow and Place will conſtantly 
grow greater, and at laſt the Weſter» Edge of the 
Penumbra will leave the Place, and there will be an 
End of the Eclipſe upon that Place. But by the 
following Method the Beginning, Middle, End and 
Duration of the Eclipſe will be more accurately de- 
termined. Upon which Account we muſt firſt pre- 
miſe the two following Problems : | 


PR O0ODLEN 1 


To find upon. the Dis of the Earth the Poſition of 
a Place for any given Point of Time. | 


LET the Semicircle AE B repreſent half the 
Disk, AB a Portion of the Ecliptick projected on 
the Disk, its Axis projected 8 E, meeting with the 
Periphery of the Disk in E, which will be the Pole 
of the Ecliptick on the Eartb's Surface. Let SP Plate xl. 
be the Line on which the Axis of the Earth is pro- Fis. 2. 
jected, and P the Projection of the Pole. As the 
Radius is to the Sine of the Latitude of the Place, 
ſo let SP be to SH, and the Point H will ph ang 
o IO» 


| 


| 
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Lecture Projection of the Center of the Parallel. Through 
XIV. H draw HG equal to the Semidiameter of the Pa- 
Wy rallel, or to the Sine of the Diſtance of the Place 
from the Pole, which muſt be perpendicular ro P'S; 
this will be half the greateſt Axe of the Ellipſe 
into which the Parallel is projected. As the Ra- 
dius is to the Sine of the Pole's Elevation above 
the Plane of the Disk, ſo let GH be to HL, and 
H L will be the leſſer half Axis of the Ellipſe. In 
GH take HQ, which has the ſame Proportion 
to G, that the Sine of the Angle, which the Ho- 
rary Circle and the Meridian make together, has 
to the Radius; and draw QR perpendicular to 
GH: Alſo make the Proportion, as the Radius to 
the Coline of the Angle which the Horary Circle 
and the Meridian make together, fo the leſſer Semi- 
axe H L to a fourth, to be laid on the Line QR 
from Q to R; and then the Point R will be the Po- 
ſition of che Place on the Disk required at the Mo- 
ment of the Time given. 
THE ſame may be done by the Help of the Ho- 


* Circle. 
Plate xl. ET AOB be half the Disk, P the Pole, SP 
Fig. 3. the Univerſal Meridian, meeting with the Disk in 
| G; and let FPO be the Horary Circle for the 
Moment of Time given. In the right-angled Tri- 
angle PG O, we have PG the Elevation of the 
Pole above the Disk, and the Angle GPO, which 
the Horary Circle makes with the Meridian; 
whence we ſhall find out the Angle GOP, the 
Inclination of the Horary Circle ro the Plane 
of the Disk, and the Arches PO and GO; and 
therefore we have the Point O, where the Horary 
Circle cuts the, Dick. Draw SO, which will be 
the common Section of the Horary Circle with 
the Plane of the Disk. Let PF be the Comple- 
ment of the Latitude of the Place. And SO be- 
ing the Radius, take S Q, equal to the Sine of an 
Arch, whoſe Complemenr is the Sum of two Arches 
that are known, viz. FP and PO; and let D 
be the Coſine of the ſame Arch whole Sine is 
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SQ. AtQ upon OSerett the Perpendicular QR, Lecture 


ſo that D may have the ſame Proportion to Q R, 
that the Radius has to the Coſine of the Inclination 


XIV. . 


of the Horary Circle to the Plane of the Disk ; and an 


R will be the Point which was defired, and ſhews 
the Poſition of the Place on the Disk for the Time 
ven. 
2 The fame Thing may be likewiſe found out this 
way: Calculate, (by the Problems demonſtrated in 
the Spherical Doctrine, and in the Problems to be 
found where the Uſe of the Globes is taught) for 
the Moment of Time given, the Sun's Altitude, 
and the Angle between the Vertical and Hour- 
Circle at his Center, and make the Angle RSP 


equal thereto; and take SR equal to the Sine of Plate xi. 
the Complement of the Altitude, or the Sine of his Fis-· 2. 


Diſtance from the Vertex, SE being the Radius, 
and then R will be the Point required. By the 
ſame Methods, for all other different Moments of 
Time, we can find out other Poſitions of the Place 
on the Disk. The Demonſtrations of all theſe Practi- 
ces are eaſily deduced from the Laws of Orthogra- 
phical Projection. 


PROBLEM II. 


To find in an Eclipſe the Poſition of the Center of the 
Shadow on the Disk, for any given Time. 


LET AE B, as before, repreſent the Semi-dish, plate xl. 
SE the Axis of the Ecliptick, CT the Path of the Fig. 4. 


Shadow, while it paſſes over the Disk; and let it 


cut the Axis of the Ecliptick in N. Now when 
the Center of the Shadow is in N, then is the true 
Conjunction of the Sun and Moon, whoſe Time 


is known by Aſtronomical Tables. We have like- 


wiſe by the ſame Tables the Horary Motion of 
the Moon from the San. Say, As the Horizontal 
Parallax of the Moon, is to the Horary Motion of 
the Moon from the Sun; ſo is the Semidiameter of 
the Disk to a fourth Line M: This will be the 
Spacè which the Shadow moves through upon wy 
is 
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Lecture Disk in an Hour. Then ſay, As one Hour is to 


XIV. the Time between the ConjunRion and the Time 
for which the Pofition of the Shadow is ſought ; 
ſwoo is the Line M to a fourth; this Line will few 
the Diſtance of the Shadow in its proper Path, 
from the Point of Conjunction N, and conſe- 
quently the Place of the Shadow for the Time 
given. Suppoſe the Hour which immediately pre- 
cedes the Time of Conjunction, to be any Hour 
you pleaſe. For Example, let it be the fourth Hour; 
ſy, As one Hour is to the Time between the 
fourth Hour and the Time of the Conjunction, fo 
let the Line M be to another, which is N4; and 
the Point 4 will be the Poſition of the Shadow at 
four of the Clock. Take likewiſe 4 3, 3 2, 45, 
5 6, equal to M; and the Points 2, 3, 4, 5, 6, will 
ou. the Place of the Shadow at the Hours 2, 3, 4,5 
and 6. 

THEsE things being premiſed, let AEB be half 
the Disk, as before, CT the Path of the Shadow 
upon the Plane of the Disk, which the Axis of the 
Ecliptick cuts in N; and when the Shadow comes 

Plate XI, to N, then is the Time of the true Conjunction. 
Fig. 4 Let, for Example, the 2d be the Hour which im- 
mediately precedes the Time of the true Conjuncti- 
on, and then mark in the Path of the Shadow its 
The Calcula- Places at the Hours 1, 2, 3, 4 5; and likewiſe at the 
H Fam ſame Time mark the Situation of the Place on the 
bg Eclipſe. Disk at the ſame Hours; let them be I, II, III, IV, 
V. At one of the Clock the Diſtance of the Place 
and Shadow is 11 ; this, by applying to a Scale of 
* _ equal Parts, is to be meaſured, and taken in Num- 
bers; and from thence deduct the Semidiameter of 
the Penumbra meaſured by the ſame Scale, and we 
have the Diſtance of the Place from the Edge of 

the Penumbra. 

AT Two of the Clock, after the fame Manner, 
take the Diſtance of the Edge of the Penumbra 
from the Place which is then in II; the Differente 
of theſe Diſtances, ſince the Edge of the Penumbra 
is in both Caſes more Weſterly than the Place, - 

the 
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the Appropinquation or relative Motion of the Place Lecture 
to the Shadow in one Hour. Say then, As the Ap- XIV. 
propinquation of the Margin of the Penumbra to 
the Place in one Hour is to the Diſtance of the ſaid 
Margin from the Place at Two of the Clock, ſo one 
Hour is to the Diſt:n:e of Time from Two till the 
Beginning of the Eclipſe; which Time, added to 
— ſecond Hour, ſhews the Time when the Eclipſe 

ins. 
Ro the Poſition of the Place at II, to the The Calkcula- 
Path of the Shadow, let fall the Perpendicular II a: mock -26 

And becaule the Center of the Shadow is at 2, the rate Ob- 
Diſtance of. it from the Place reduced to the Path, ſcaration. 
is 24. Alſo at the third Hour the Poſition of the 
Place being III, let fall from thence a Perpendicular 
III“ on the Path; the Diſtance of the Shadow from 
the Place reduced is 3b; the Difference gf theſe 
two Diſtances is the Acceſs of the Shadow to the 
Place reduced, in the Time of one Hour. Meaſure 
this Difference with a Scale, and by the Rule of 
Proportion ſay, As the Acceſs of the Shadow to the 
Place ace ws in one Hour, is to the Diſtance of 
the Shadow and Place reduced at three of the 
Clock; fo is one Hour, or 60 Minutes, to a fourth 
Time; which Time, added to the third Hour, gives 
the Time of the Middle of the Eclipſe, or of the 
greateſt Obſcuration. 

Ar Four of the Clock the Center of the Sha- De Caleula- 
dow is in 4, and the Place in IV; and becauſe 4 2 ie 
IV is leſs than the Semidiameter of the Penumbra, Kail. 
ſubtract it from the Semidiameter, and there will 
remain the Diſtance of the Place from the Edge 
of the Penumbra. Again, at Five of the Clock 
the Shadow is in 5, and the Place in V; and their 
Diſtance is 5 V, which is greater than the Semi- 
diameter of the Penumbra; and therefore the 
Weſtern Edge of the Penumbra is now more ad- 
vanced towards the Eaſt, than the Place is; and 
therefore before that time the Penumbra has quit- 
red the Place, and the Eclipſe at an End. From 
the Diſtance 5 V, ſubduct the Semidiameter of the 
Penumbra, and there will be left the Diſtance be- 


I. tween 
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Lecture tween the Place and the Weſtern Side of the Pen- 


umbra: And becauſe, in the former Caſe, at Four 


of the Clock, the Edge was Weſtward of the Place, 


and it has now got to the Eaſt of it, the rela- 
tive Motion of the Penumbra and Place muſt be 
eſtimated by the Sum of theſe two Lines or Di- 
ſtances. Say then, As the Sum of theſe two Di- 
ſtances is to the Diſtance of the Edge of the Pen- 
umbra from the Place at the fourth Hour; ſo is one 
Hour to a fourth Time; which Time, added to Four, 
gives the Time when the Penumbra leaves the Place, 

or it will ſhew the End of the Eclipſe. 
Tig Motion of the Shadow in its Path is 
equable, ar leaſt all the Time of an Eclipſe ir 
may be eſteemed equable. But the Motion of a 
Place upon the Disk is no ways equable, but towards 
the Edge of the Disk it is flower; when it comes 
towards the Middle, it goes through larger Spaces 
in equal Time. Morcover, our Calculus ſuppoſes, 
that the relative Motion of the Moon and Shadow 
are equable; and the Middle of the Eclipſe, or 
greateſt Obicuration, to be where the Line which 
Joins the Place, and the Center of the Penumbra, 
is perpendicular to the Path of the Shadow; nci- 
ther of which is preciſely true, and therefore there 
will ariſe ſome ſmall Error ; but ir may be cor- 
rected in this Manner: At the Time of the Begin- 
ning of the Eclipſe, find out the Place of the Sha- 
dow, and likewiſe, for the ſame Time, the Situa- 
tion of the Place upon the Disk. Ar the Center 
of the Shadow, with a Diſtance equal to the Se- 
midiameter of the Penumbra, deſcribe a Circle: If 
this Circle palles through the Point the Place is in, 
then is the Beginning of the Eclipſe rightly deter- 
mined; bur if this Circle docs not paſs through 
the Place, note the Diſtance of the Place and the 
Periphery, and take the relative Motion of the 
Place and Margin of the Penumbra for half an 
Hour ; and work again by the Rule of Proportion, 
as before, and we ſhall then have the true Time 
of the Beginning of the Eclipſe. And by the fame 
| Method 
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Method we may correct the Error, that may ariſe Lecture 


in computing the End of the Eclipſe. And by this 


XIV. 


means we may have the Beginning and End of Ecli p- 


ſes, as accurately as by the common Method, which 
is by a troubleſome Culculation of the Parallaxes ; 
where they likewiſe: ſuppoſe, that the viſible Motion 
of the Mooz is equable for a certain Time; which, 
nevertheleſs, is as unequable as the Motion of a 
Place upon the Disk is. 

Ir about the Time of the middle of the Eclipſe, 
at the Center of the Shadow, a Circle be deſcribed, 
whoſe Radius is equal to the Semidiameter of the 
Moon; and if likewiſe we deſcribe another Circle, 
whoſe Center is the Place of the Spectator, and 
whoſe Radius is the Semidiameter of the Sun; the 
Interſections of theſe two Circles will ſhew the 
Phaſis at the greateſt Obſcuration. 


IF there be ſome who are not pleaſed with this 7% ſame 
mechanical Way of meaſuring Lines and Diſtan- 2% % fer 


ces by a Scale, they may compute all the Lines by 


fore, let AEB be the Disk of the Earth, P the 


formed by 
dene 8 Trigonome- 
Trigonometr); in the following Manner: As be- try. 


Projection of the Pole, C NT the Way of the Sha- plate xl. 
dow, the Point 2 its Poſition at Two of the Clock; Fig. 5. 


and, for the ſame Time, let II be the Situation of 
the Place of the Spectator. Let S E be the Axis 
of the Ecliptick, which cuts the Path of the Sha- 
dow in N; SN will be the Latitude of the Moon 
at the Time of the Conjundtion. From the Cen- 
ter of the Shadow and the Place draw the Line 2 S, 
IT 8, to the Center of the Disk, and join 2 II: 
Then in the right-lined Triangle 2 NS we have 
NS the Latitude of the Moon, and 2 N its Di- 
ſtance from Conjunctiun at Two of the Clock. 
We have likewiſe the Angle 2NS, which is the 
Inclination of the Path to the Circle of Latitude: 
Wherefore we can find out 2 8, and the Angle 
28 N. Again, in the ſpherical Triangle PS II, 
we have the Side P'S the Complement of the Sun's 
Declination, and PII the Complement of the La- 
tirude, together with the Angle S PII, which is 
known by the Time; by which we can find the 
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Arch S II, which is the Diſtance. of the Sun from 
the Vertex; and the Sine of this Arch is juſt equal 
to the Diſtance S II, S-E being made the Radius: 
We may alſo find the Angle PSII; to which if 
we add, or rake away the known Angle PS E, 
we ſhall have the Angle NS II. But the Angle 
28 N was found out before; wherefore we have 
the whole Angle 2 8 II. Laſtly; in the Right- 
lined Triangle 2 8 Il, we have the two Sides 28 
and II 8, and the Angle contained between the two 
Sides; and therefore by plain Trigonometry we may 
find the Side 2 II, which was to he found out. Pro- 
ceeding by this Method, there is no need for inquire- 
ing into the Poſitions of Place and Shadow on the 
Disk; for they are to be found out by a Calculus 
withour Protraction. | | | 

Tax Longitudes of Places on the Surface of 


| Longitude ef the Earth may be found out by Obſervations of 


FeElipſes of the Sun, as well as by thoſe of the 
Moon, viz. if we obſerve in that Place whoſe Lon- 
gitude 1s wanted, the Moment ot Time when the 


Eclipſe begins or ends. Let that, for Example, 


be at Five of the Clock; and at the Center V, 
with a Diſtance equal to the Semidiameter of the 
Penumbra, deſcribe an Arch of a Circle cutting 
the Path of the Shadow in d: that Point 4 will ſhew 
the Place of the Center of the Shadow at that 
Time. Meaſure the Diſtance Nd with a Scale, 
which being given, together with the Motion of 
the Moon from the Sur, we ſhall find the Time 
in the Place of the Obſervation, when the true 


Conj auction is celebrated. In like Manner, by an 
Obſervation in any other Place, we may find when 


the ſame Conunttion is celebrated according to the 
Time compured from the Meridian of that Place ; 
and the Difference of thoſe Times being turned 
into Degrees and Minutes of the Equator, will 
ſhew the Difference of Longitude between thoſe 
two Places. 

In Practice it is convenient to make the Semi- 
diameter of the Disk ten Inches, that it may be 
divided by a Scale into 1000 Parts; wy is 

one 


s © 


F 6 
K 


Plate I 
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done by the Help of a Diagonal Scale; for this Lecture 
Number is the Tabular Radius: And let SN the XIV. 
Latitude of the Moon, and all the Lines waoſe Di. 
. menſions are neceſſary to be known, be expreſſed 
by the ſame Parts. For if we fay, As the Horizon- 
64 tal Parallax of the Moon, which is expreſſed in 
; Aſtronomical Tables in Minutes and Seconds, is 
to the Moon's Latitude, fo is 1000 to a fourth 
Number; and then we take the Line SN out of 
the Scale, whoſe Dimenlion is expreſſed by this 
| 6 fourth; this Line will repreſent the Latitude of the 
| Moon. And in like manner, we are to operate 
to find out the Length of the Way the Shadow ad- 
| 


vances in an Hour in its Path. And now we have 
ſhewed a new Way, by which the Times and 
Phaſes of an Eclipſe are to be defined, as they are 
to be ſeen from a particular Place, which does nor 
require a frequent or repeated Calculation of the 
Parallax, to have the viſible Place of the Moor 
in the Heavens, both as to Longitude or Lati- 
tude; which Method is received by moſt Aſtrono- 
mers, But our Method is much eaſier, and, as 1 
think, no leſs accurate : For in the common Me- 
thod the different Poſitions of the Ecliptick in re- 
ſpect of the Horizon, which are always changing, 
will produce great Inequalities in the Mooz's Mo- 
tion, and will make her conſtantly alter her Place, 
both as to Longitude and Latitude: So likewiſe. as 
the Moon aſcends or deſcends, the Parallaxes will 
always be changeable; and except we often com- 
pee them, it will be hard to eſcape falling into an 
rror. 

Bur becauſe the Method of computing Eclip- 
ſes by Paral/axes, is that which is generally made 
uſe of by the Aſtronomers, it will be convenient 
likewiſe to explain that Method. And here I 
ſuppoſe the Reader to be already inſtructed in the 
Doctrine of the Parallaxes, either by other. Aſtro- 

nomical Books, where it is explained at Lea 5 

or by what we ſhall after this ſay upon that Sub- 
ject: And that being underſtood, the Principles on 
which the Calculation is founded are eaſily appre- 
L 3 hended, 
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Lecture hended, though the Practice of the Rules is very 
XIV. difficult and tedious. 5 
LANE FirsrT of all, the viſible Conjunctian, and the 
= pray Way the Moor is then to take in the Heavens, are 
computing TO be determined. For in this Caſe, the true and 
Eclipſes of viſible Conjunttion are very different both as to their 
the Sun. Times and Places. The true Place of the Moon 
is that which is ſeen from the Center of the Earth, 
the viſible Place is that which is ſeen from our Ha- 
bitation on its Surface. Let the Semicircle ABC 
repreſent an Hemiſphere of the Globe of the Earth, 
whoſe Center is T; from whence draw the Right 
Line T LS through the Moon at L, and the Sun 
at S, at a much greater Diſtance; and therefore 
ſince the Centers of the Sn and Mooz are ſeen in 
tie ſame Right Line from the Center of the Earth, 
Plate XII. they will appear in the ſame Point of the Hea- 
Fig. 1, vens, and they will be in true Conjunction. But a 
Spectator, on the Surface of the Earth at A, will 
obſerve the Centers of the Sun and Moon in di- 
ſtinct Points of the Heavens, their Diſtance being 
the Arch SE. The Point where the Right Line 
T L, drawn through the Centers of the Earth and 
The Moon's Moon, mects with the Heavens, 1s called the true 
true Place. Place of the Moon. But where a Right Line paſ- 
ling through the Eye of the Spectator on the Sur- 


The Moon's face, and the Center cf the Moon, meets with the 


| ig Heavens, that Point is called the vilible or appa- 


. rent Place of the Moon. Let theſe Points be S 
and E; the Arch S E, which is the Diſtance be- 
tween the rrue and apparent Place, is called rhe 

9% Moons Moons Parallax. Now becauſe the Points T and 
Parallax, L, in reſpect of the immenſe Diſtance of the fix d 
Stars, coincide, the Arch SE will be the ſame, 
whether its Center be conceived to be in L, or in 

T; and therefore the Arch SE is the Meaſure of 

the Angle SLE), or of the Angle A LT, which is 

equal to it. But the Angle ALT is the Angle 

under which the Semidiameter of the Earth AT, 

drawn thro? the Place of the Spectator, is ſeen from 

the Moon: And therefore the Parallax of the Moon 

is always equal to this Angle. And this Angle is 

13 e biggeſt, 
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biggeſt, when the Semidiameter is directly ſeen from Lecture 
the Moon; for then the Angle LAT is a Right An- XIV. 
gle, and the Moon is ſeen in the Horizon, and her- 
fore the Horizontal Parallax is greateſt of all. But 
if the Moon ſhould be in the Vertex F, the Angle 
ALT would there vaniſh; and the Moon's true 
Place would coincide with its apparent Place, whence 
rhere would be no Parallax. 
SINCE the Parallax of any celeſtial Body is always 
equal to the Angle under which the Semidiameter 
of the Earth, paſſing through the Place of the Spec- 7% gun 
tator, is ſeen from that Body, there will be no ſen- #45 Par- 
ſible Paral/ax of the Suu. For, as I have fre- .. 
quently ſaid, the Earth ſeen from the Sun appears 
no bigger than a Point, and under no ſenſible An- 
gle: But the Moon, when it is in the Horizon, has 
a ſenſible Parallax, and ſometimes it is greater than 
a Degree. 
HENCE it follows, that the Paral/ax always 
ſhews the Moon more depreſſed, or at greater Di- 
ſtance from our Vertex, than it really is: This De- 
eee will change its Place according to the Ec- 
iptick, and make the Moon appear to have a Lon- 
gitude and Latitude different from what it has, 
| when ſeen from the Center of the Earth. For in Plate X11, 
| the Figure, let the Circle H CZ be the Meridian, Fig. 2. 
or the Circle paſſing through the Vertex of the 
 Spedtator and the Pole; let Z be the Vertex, HED 
| the Horizon of the Place, CE the Ecliptick; in 
which ler the Moon according to its true Place be 
in L, without any Latitude; let AT be a Verti- 
cal Circle paſſing through the Moon; and be- 
cauſe the Parallax always depreſſes the Moon in 
the Vertical, the apparent Place of the Moon will 
be further diſtant from the Vertex Z, than the true 
Place is. Let the apparent Place be O, and ſince 
the true Place is L, the Parallax will be LO; 
which being in the Vertical, or Circle of Altitude, 
is called the Parallax of Altitude. Through O let 
there a Circle paſs, which is perpendicular to the 
Ecliptick, meeting with the Ecliptick in m: That 
Point will be the apparent Place reduced to the 
| L 4 Eclip- 
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Lecture Ecliptick, and the Arch L m is called the Parallax 
XIV. of Longitude; and Om, the viſible Diſtance of the 
Moon from the Ecliptick, is called the Mooz's Par- 
allax of Latitude. For determining the Phaſes 
of Eclipſes, as they are to be ſeen from a given 
Place, it is neceſſary to know at that Time the 
true Places of the Moon and Sun, which may be 
computed by Aſtronomical Tables from any given 
Moment of Time. Moreover, we muſt know the 

apparent Place of the Moon, which is to be deter- | 

mined from a true Place, by a Computation of the | 

Moon's Parallax; which being premiſed, the Times 

and Phaſes are thus found out. | 

| 


LET p be a Portion of the Ecliptick; S the 
Place of the Sun therein, at the Time of the true 
Conjunttion ; and | the apparent Place of the Moon | 
| reduced to the Ecliprick; [o the vilible Latitude | 
| Plate XII. Of the Moon, and 18 will be its viſible Longitude | 
| Fig. 3. from the Sun, At a ſmall Portion of Time be- | 
fore the true Conjunction, find out again the viſible | 
me the Moon in the Ecliptick ; which let it be 


A Calcula- 


| b a i 
— of Draw)q o, which produce, and let it meet with the 


| 
| 
f lips, FEchptick in &; and q# will be the viſible Way of 
[ the Moon from the Sun at the Time of the Con- 
junction. In the Triangle 30, right-angled at , | 
we have on the Difference of Longitude of the Moon 
from the Sur in p and h and q the Difference of 
Latitude; whereby we can find the Angle q oz, or 
q & p, which is equal to it, and which is the Inclina- 
tion of the viſible Way of the Moon to the Eclip- 
tick. From thence alſo we can find the Side q o, 
and by them we can find the Lines 07, r , S K, 
and Sz. For pl is to qo, as Is is to ot: And 
in the Triangle 1, by having o / and the Angle 
, we can find ok and J, and thereby S, 
and S$ #, Now, when the Center of the Moon is 
ſeen at t, then is the viſible Conjunction of the 
Sun and Moon. And therefore we ſay, As qo is 
to ot, or as pl is to 18, ſo is the Time that the 
Moon moves through the Space qo, to the Time it 
moves through or; and then we ſhall * the 
ime 


at p, and let pq be the Moons viſible Latitude: 


8 
On) tt ii ee 
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Time between the true and viſible conjunction. Lecture 


From S upon the Way of the Moon let fall a Per- 


pendicular S8 n, and in the Right-angled Triangle 


S k m, we have 8“ and the Angle &; therefore 
we can find out S , which is the leaſt viſible Di- 
ſtance, or the neareſt Approach of both Sun and 
Moon. If this Diſtance be greater than the Sum 
of the Semidiameters of the San and Moon, there 
» be no Eclipſe viſible in that Place; but if it 
be leſs, the Difference reduced into Digits will 
ſhew the Quantity of the Eclipſe. Having the 
Side $ m, and the Angle f S, which is equal to 
the Angle k, we can find out the Line n, and 
thence the Time the Moon, in her viſible Way, 
takes to deſcribe the Line fn, which is the Time 
between the viſible Conjurdtion,' and the Moment 
of greatelt Obſcuration. 


IHE Beginning of the Eclipſe is thus deter- Plate XII. 
mined : Let p & be a Portion of the Ecliptick, as Fis. 4+ 


before; S the Center of the San; let 44 be the 


viſible Way of the Moon, S m2 its ſhorteſt Diſtance 4 Calcula- 
from the Sur. Draw from the Sun to the Way of #7" 9 bc 


the Moon, the Right Line s q, equal to the Semidi- 


ameters of both Sv» and Moon: And then, when the Eclipſe. 


the Center of the Moon comes to , the Eclipſe 
will begin to be viſible, and the two Margins of 
the Sun and Moon will ſeem to touch one another. 
In the reCtangled Triangle 48 , we have the 
Side S 4 equal to the Sum of the Semidiameters of 
the Sun and Moon, and 8m the neareſt Approach 
of their Centers; from whence we can find out 
the Angle q Sm, the Angle of Incidence, and alſo 
the Side 3 and thereby we have the Time where- 
in the Moon deſcribes the Line 3, and from thence 
the Time between the Beginning of the Eclipſe 
and the Time of the greateſt Obſcuration. 

AFTER the ſame Method we may find the 
Time of the viſible End of the Eclipſe. But here 
we mult begin again, and compute anew, by the 
Parallaxes, the viſible Way of the Moon from the 
Sun, after the Coujunction, which will not be the 
ſame it was before. For the Inclination of the 

viſible 
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Lecture viſible Way is conſtantly changing, becauſe the 
XIV. Quantity of the Parallax is in perpetual Flux, as 
the Moor riſes and falls in Altitude. Seek there- 
fore, about an Hour after the Conjunction, the vilible 
Longitude of the Moon from the Sun, and its vilible 
Latitude, and from them compute the Inclination 
of the Moon's Way from the Sen; which being 
found, by the ſame Method we found the Time of 
the Beginning of the Eclipſe, we may likewiſe find 
| the Time of its End. 
A Determi- IF the Phaſis of an Eclipſe for any Moment of 
r ef the Time be required, find for that Time the Place of 
_— the Moon in her viſible Way; and at that Center, 
of Time,, and with a Diſtance equal to the Semidiameter of 
the Moon, deſcribe a Circle; likewiſe at the Cen- 
ter S, with a Diſtance equal to the Semidiameter 
of the Sun, deſcribe another Circle; the Interſecti- 
ons of theſe two Circles will ſhew the Phaſis of the 
Eclipſe, and the Quantity of Obſcuration, as alſo the 
Poſition of the Cuſps or Horns. 

BEFORE we make an End of this Doctrine 
of Eclipſes, it will be requiſite to explain one 
2 Appearance, and to ſhew the Reaſon 
of it. 

IN total Eclipſes of the Moon, even when ſhe 
is near the Center of the Shadow, her Body is 
frequently to be ſeen of a pale and languid Colour, 
which could not be without her being illuminated 
with ſome Light; and ſome will wonder from 
whence ariſes this Light. Some ſuſpected that it 
was the native and proper Light of the Moon her- 
ſelf. Others derived it from the Plazets and Stars; 
for the Interpoſition of the Earth intercepts all 
the Light of the Sun, and ſeems to bring a thick 
Darkneſs upon the whole Space taken up by the 
conical Shadow. Bur we muſt conſider, that the 
Earth is ſurrounded with a Sphere of Air of a con- 
ſiderable Depth and Denſity, which has a refrac- 
tive Power, whereby it turns the Rays of the 
Sun out of their Way when they fall upon it, and 
makes them enter the conical Shadow; which 
therefore will be illuminated by that ſmall Quan- 

tity 
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tity of Light which falls obliquely on our Atmo- Lecture 
ſphere, and imparts to all the Bodies within it a 
inc Lighr, the which will illuminate the Moon. 


even when it is in the midſt of the Shadow, 


and make it viſible o our Eyes, as the Figure Plate XII. 


ſhews. 
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LSC1V©8 AV; 


Of the Phænomena or Appearances art 
ing from the Motions of the Earth, 
and the two inferior Planets Venus 
and Mercury. 


B 1THERTO we have contemplated the 
MMotions of the Earth and Moon, and 

have given an Account of many Ap- 
pearances that ariſe from them. The 
Moon indeed is no primary Planet, 
but a ſecondary, which does no other 
ways go round the Sun, the true Center of our Syſtem, 
than by accompanying our Earth, to whom ſhe pro- 

rly belongs, in her annual Courſe round the Sun. 


Bur the chief and primary Planets of our Sy- The fix pri- 
ſtem, which perform their Circulations round the _ Pla- 


Sun, without regarding any other Body, are in 
Number fix, wiz. Mercury 8; Venus Q, the 
Earth G, Mars &; Fupiter , and Saturn Hh, 
whoſe Motions and Appearances are now to be ex- 
plained. And, firſt, we have already demonſtrated, 
that the Orbits of Venus and Mercury include the 
Sun, and that they are included within the Orbit 
of the Earth; and ſince they finiſh their Circula- 
tions in leſs Time than the Earth does, it is ma- 
nifeſt that theſe Plazers, ſeen from the Sun, will 


0 appear 


| 
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Lecture appear in the Heavens ſometimes nearer, and 
XV. ſometimes further from the, Earth; and that ſome- 
www times they may from thence appear in the ſame 
Point, -and ſometimes in oppolite Points of the 
Heavens, with the Earth. = becauſe Venus and 
Mercury are carried faſter about than the Earth, a 
Spectator in the Sun, after ſeeing either of them in 
Conjunction with the Earth, will ſee it recede from 
the Earth, which follows with a {lower Motion, 
and get by Degrees a good Way to the Eaſt of the 

Sun. | 
As theſe Planets, ſeen from the Sun, change 
their Poſitions in reſpect to the Earth, ſo likewiſe 
we, ſeeing them from the Earth, obſerve that they 
change their Poſitions in reſpect to the Sur, and 
are ſometimes nearer, ſometimes further removed 
from him; and ſometimes they appear in Con- 
junction with the Sun. But the Conjunctione of 


Two Caſes theſe Planets ſeen from the Earth, do not only 


of Conjun- happen when the Earth and they are ſeen together 
ions. in Conjunction from the Sun, but alſo when a 
Spectator in the Sun ſees the Earth and them in 
Oppoſition : Even then the San and they, ſeen 
plate XIII. from the Earth, appear to be in Conjundtion, For 
Fig. 11 let S be the Sun, ABC the Orbit of the Earth, 
FHV the Orbit of Venus; and let the Earth be 
in T, and Venus in V, in the Line which joins the 
Centers of the Earth and Sun: In this Poſition 
Venus, ſeen out of the Sun, is in Conjunction with the 
Earth, as the Sun from the Earth is ſeen conjoin- 

ed with Venus. 
Bur if the Earth were in T, and Venus in F, a 
Spectator in the Sun will ſee Venus and the Earth 
in Oppoſition, or in oppoſite Points of the Heavens. 
But a Spectator in the Earth will ſee Venus not in 
Oppoſition to the Sun, but in Conjunction with him. 
In the firſt Caſe of theſe Coxjunctious, Venus is be- 


tween the San and the Earth; in the other the Sn 


is ſituated between the Earth and Venus; and Venus 


goes above the Sun: The firſt is called the inferior 


Conjunttion, the ſecond the ſuperior. 


AFTER 
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AFTER either of theſe two Sorts of Conjun- Lecture 
ctions, Venus wil ſeem daily to remove further XV. 


from the Neighbourhood of the Sun, and will daily 


ſeem to get further off from him; but ſtill ſhe keeps 
within certain Bounds, for ſhe never comes to be 
oppoſite to the Sun; nor does ſhe even arrive at a 
uadrantil? Aſpect, which is go Degrees; or a Sex- 
tile Aſpect, which is 60 Degrees diſtant from the 
Sun. And Venus is ſeen at her greateſt Diſtance 
from the Sun, when the Line which joins her Cen- 
ter with the Earth, touches the Orb of Venus, as 
about D. For when this Planet is farther advanced 
to H, its Place in the Heavens is ſeen to be nearer 
to the Sun, than it was before at D. Now before 
ſhe came to D, ſhe always receded more and more 
from the Sn: And after ſhe has left D, ſhe every 
Day comes nearer to the Sun: It is neceſſary, that 
between the Times of her Receſs and Approach, De Elnga- 
ſhe become ſtationary in reſpect to the Sun, and aa uns 
for ſome time appear to keep the ſame Diſtance Sun. 
from him; at which Time the viſible Motion of 
Venus will he equal to that of the Sun. The Arch 
of a great Circle, intercepted between Venus and 
the Sur, is called the Elongation of that Planet from 
the Sun. | 
Bur here it is to be obſerved, that only in a The Elanga- 
Circle, which has the Sun for its Center, the en is not al- 
greateſt Elongation happens, when the Right Line % en 
which joins the Earth and Planet touches. For in is in a Line 
an Elliptick Orbit it may be, that the Elongation *«ching the 
from the Sun may grow ſtill greater, even after j;** mw 
it has left the Place where the Line joining the 
Earth and Planet touches its Orbit : For after 
that, the true Diſtance of the Planet from the Sur 
may increaſe, whilſt the Diſtance of the Sun and 
Planet from the Earth does not increaſe, but they 
may rather decreaſe. And therefore in two Tri- 
angles, the greater Baſe will ſubtend the greater 
Angle. But becauſe the Orbits of the Planets are 
nearly circular, ſuch ſmall Differences may be here 
neglected. | 
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THe greateſt Elongation of Venus is found by 
Obſervation to be about 48 Degrees, by which, in 
a circular O:bic, we may know the Diſtance of 
Venus from the Sun, in reſpect of the Earth's Di- 
ſtance from the ſame: For ST is to SD, as the 
Radius is to the Sine of the Angle S T D, which 
is the greateſt Elongation. 

Hexcs alſo it is manifeſt, that Venus, from 
the Time of her ſuperior Conjunction, where ſhe 
is furtheſt from the Earth, to the Time of her 
inferior Conjunction with the Sun, where ſhe ap- 
proaches neareſt it, is always ſeen more Eaſter/y 
than the Sun; and all that Time Venus (ets later 
than the Sun, and is ſeen after Sun-ſerting ; and 
then ſhe is called the Ewvening-Star or Veſperus, be- 
ing a Fore-runner of Night and Darkneſs. But 
from the inferior Conjunction, till ſhe comes again 
to the ſuperior, ſhe is always obſerved to be to 
the Weſtward of the Sun, and conſequently muſt 
ſet before him in the Evening, and riſe betore 
him in the Morning, and then ſhe is only to be 
ſeen before Sun-riting ; when ſhe is called the 
Morning-Star or Phoſphorus, her Appearance fore- 
telling that Light and Day are at Hand. 

LEr us now ſuppoſe Venus and the Earth to 
be ſeen out of the Sun in Conjunction, and the one 
to be at V, the other in T, in the ſame Point of 
the Ecliptick: In which Poſition Venus and the 
Sun are ſeen from the Earth likewiſe in Con- 
junction. After this, Venus circulating faſter than 


rhe Earth, being come again to V, and having 


finiſhed her Courſe, and by an angular Motion 
round the Sun, deſcribing four Right Angles, will 
not have overtaken the Earth; who in the mean 
Fime has proceeded farther in her proper. Orbit. 
And therefore Venus muſt {till move farther on to 
come in a Right Line between the Sun and the 
Earth. Let SLM be the next Right Line in 
which Venus is ſeen from the Sun together with 
the Earth, ſo that Venus may be in L, when the 
Earth is in M: Now before Venus can overtake the 


Eartb, ſhe muſt not only finiſh her own Circula- 


tion, 


—— 
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tion, or four Right Angles, but alſo ſo much angu- Lecture 
lar Motion more, as the Earth has made in the XV. 
mean time round the Sun. Now the angular Mo- WWW 
tion of Venus and the Earth, performed in the ſame 

Time, are reciprocally .as the periodical Times of 

Venus and the Earth. And therefore, as the pe- The Time 
riodical Time of the Earth is to the periodical 18 
Time of Venus, ſo is the angular Motion of Venus ons f he 
(which is equal to four Right Angles, and more: ſame Kind, 
over to the angular Motion the Earth makes from 

the Time of one Conjuuction to the next) to the 

angular Motion of the Earth. And therefore by 

Diviſion of Proportion, as the Difference between 

the periodical Times of the Earth and Venus is to 

the periodical Time of Venus, ſo are four Right 

Angles to a fourth Quantity; which ſhews the an- 

gular Motion of the Earth, from the Time of her 
Conjunction wich Venus, to the Time of the next 
Conjunttion of the ſame Kind. Now the periodical 

Time of the Earth is 365 Days and 6 Hours, or 

8766 Hours. And the Period of Venus conſiſts of 

224 Days 16 Hours, or 5392 Hours, whoſe Dit-' 

ference is 3374 Hours. Say then, As 3374-1s to 

5392, ſo are four Right Angles, or 360 Degrees, 


to a fourth Number of . which is 5753 


which Motion is equal to a Circulation and a half, 
and beſides to 35 Degrees; which angular Mo- 
tion the Earth makes in the Space of one Year 
and 218 Days. And therefore, if Venus ſhould be 
this Day in Coujunction with the Sun, in the in- 
ferior Part of her Orbir, ſhe will not come to the 
ſame Conjunction again, till after a Year and ſeven 
Months and twelve Days. And if one Conjundtion 
be in the Beginning of Aries, the next will fall out 
when the Sun is in Scorpio. There is the ſame Di- 
ſtance of Time between any two other ſimilar 


Poſitions of Venus and the Sun. For Example, be- 


tween two ſuperior Conjunctious, or between two 
ſuch Situations of Venus, where ſhe has a given 
Elongation from the Sun the fame Way. 


* 


THis 


2 
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Tris Problem and another of the ſame Na- 
ture, about the Conjunctions of the Sun and Moon, 
are otherwiſe ſolved by the Aſtronomers; for they 
find out the Diurnal Motion of Venus ſeen from 
the Sun, and likewiſe the Diurnal Angular Mo- 
tion of the Earth; and the Difference of theſe 
Motions is the relative Diurnal Motion of Venus 


from the Earth, or the Quantity by which Venus 


is ſeen to recede from the Earth every Day, by a 
Spectator in the Sun. Thus the middle Motion of 
the Earth is every Day about 59 Minutes and 8 
Seconds: Venus middle Motion in a Day, is 
1 Degree 36 Minutes and 8 Seconds, whoſe Dif- 
ference is 37 Minutes. Say therefore, As 37 Mi- 
nutes is to 360 Degrees, or to 21600 Minutes, ſo 
is one Day to that Space of Time, wherein Venus, 
having left the Earth, has receded from her 360 
Degrees; that is, to the Time in which ſhe re- 
turns to the Earth again, which is the Time be- 
tween two Conjunctions of the fame Kind, which 
will be found to conſiſt of 583 Days. 

BuT thele Conjunctiont are here computed ac- 
cording to the middle Motions of the Plauets, ſup- 
poſing them to move always equably, or with the 
ſame Angular Velocity; and they are therefore 
called mean Conjunctious. But becauſe Venus and 
the Ear/h are really carried in Elliptick Orbits, in 
which their Motions are conſtantly variable, ſome- 
times going faſter, and ſometimes {lower ; ir may 
be, that the true Conjunctions thall happen ſome 
few Days ſooner or later than the Computation 
we have given; yet having the Time of the 


Plate XIII. mean Conjunction, the true Conjunction is from 


Fig. 2. 


thence to be computed after this Manner: Let 
A B C be the Ecliptick, in which A is the Point 
where the P/aners are to be in Conjunction accord- 
ing to the mean Motion. For the Time of this 
Conjunction, compute by Aſtronomical Tables the 
true Places of the Earth and Venus in the Eclip- 
ticx; and ſuppoſe Venus's true Place in the Eclip- 
tick to be D, and the Earth in T, by which we 


ſhall find the Diſtance of the Earth and Venus 


ſeen 


{ 


LECTURES. 


given Space of Time; for Example, for fix Hours; GPWYNd 
and the Difference of theſe two Motions will give 
the Acceſs of Venus to the Earth, or her Receſs 
from it in fix Hours, Say then, As this Difference 
of Motions is to DT, 


of mean Conjunction, as Venus is to the Eaſt or 


Weſt of the Earth, ſhews the Time of their true 
onjunttion. 


I x is plain from the Inſpection of the Figure, Venus con- 
that though Venus does nearly always keep the/ 


Fame Diſtance from the Sun, yer ſhe is continually 


ſo is fix Hours to the 
Time between the mean Conjunction and the true; 
+ which Time, added to, or ſubtracted from, the Time 
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ſeen from the Sun: But we have, for that Time, Lecture 
the angular Motions of theſe two Planets for any 


XV. 


antly 
changes her 
, Diſtance 
,» Changing her Diſtance from the Earth; and heren the 


Diſtance is greateſt when the is ſeen in her ſupe- Earth. 


rior Conjunttion with the Sun; and it is the leaſt + 


when ſhe is in her inferior Conjunction: And the 
Difference is ſo great, that it equals the whole 
Diameter of Venuss Orbit; ſo that the Diſtance of 
Venus from the Earth, when ſhe is in her ſuperior 
Conjunction, is to her Diſtance from the Earth in 
the inferior, as 1 to 6: And therefore Venus ap- 
3 the Earth ſix times nearer in the one 

olition, than in the other; and juſt ſo much are 
the apparent Diameters of Venus changed, as we 
obſer ve them to be. But theſe greateſt and leaſt 
Diſtances are ſomewhat changeable, upon the Ac- 
dount of the Elliptical or Excentrick Orbits: For 
Venus is then moſt remote from the Earth, where 
the ſuperior Conjunction happens when Venus and 
the Earth are both in their Aphelions. And the 
Diſtance of Venus and the Earth is the leaſt of all, 
when the inferior Conjunction falls out when 
Venus is in her Aphelion, and the Earth in her Peri- 
belion. 


BECAUSE Venus is an opake Globe with- The Phaſes 
out any Light of her own, and only ſhines with , Venus 


the borrowed Light of the Sun, that Face of 
Venus will only appear bright, which is turned to- 
M wards 


like thoſe 
of the Moons 


— — 


— 
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Darkneſs; and for want of Light, is altogether in- 


vibe. Wherefore, if the Situation of the Earth 


Plate XIII. 
Fig. 3. 


be ſuch, that this dark Side of Venus be turned to- 
ward the Earth, Venus will become inviſible, ex- 
cept by chance ſhe appear like a black Spot in the 
Disk of the Sen: But if the whole illuminated 
Face of Venus be turned towards the Earth, as it 
is when ſhe is near her ſuperior Conjunction, then 
ſhe appears like a full ſhining Orb; and —_— 
to the different Poſitions of the Earth, Venus an 
the Sun, Venus will have different Forms, and ap- 
pear with different Faces and Figures, and will un- 
dergo the ſame Changes and Viciſſitudes in her Ap- 
pearances that the Moox does. 

LEr ABCDEF GH be the Orbit of Venus, 
TL a Portion of the Orbit of the Earth, in which 


the Earth is at I, and let Venus be in A in her ſu- 


perior Conjunction with the Sun; it is manifeſt. in 
this Situation of theſe two Planets, that the Face 
of Venus, which is illuminated by the San, is like- 
wiſe turned towards the Earth; and then Venus 
will appear to us like a full, lucid Circle, as the 
Moon does at Full: But when ſhe has gone from 
thence to the Poſition B, ſome Part of her obſcure 
Hemiſphere will be turned towards the Earth, and 
will loſe ſomething of her Fulneſs, and ſeem to us 
to be gibboſe. When Venus comes to the Poſition 
C, but half her illuminated Side is turned towards 
the Earth, and then ſhe is ſeen like a half Circle, 
as the Moon is when ſhe enters in her firſt or laſt 
Quarter. But Venus, when ſhe arrives at the Po- 
fition D, has but a ſmall Part of her illuminated 
Side turned towards the Earth: And becauſe ſhe 
is of a ſpherical Figure, which to us, becauſe of 
its great Diſtance, appears like a Plane; the illu- 
minated Part which we ſee, will appear to end in 
Points or Horns, whoſe Direction is always oppo- 
ſite to the Sun. But YVeuus, when ſhe is in the 
Poſition E, that is, in her inferior Conjunction with 
the Sun, has her dark Side totally turned towards 
the Earth; and then ſhe quite diſappears, unleſs 

e 
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ſhe happen to be in her Node, or near it; then ſhe 
will appear like a black Spot to paſs over the Body 
of the Sun, which delightful Spectacle was never 
ſeen by mortal Eyes but once; and it was our 
Countryman Mr. Horrox, who alone enjoyed that 
Pleaſure. Venus will undergo the ſame Phaſes while 
ſhe paſſes through F, G to H; viz. about F ſhe is 
horned, in G a half Circle, in H gibboſe, and in A 
again full. 

THEsE Appearances of Venus, though they 
are not to be diſcerned by the naked Eye, yet they 
are diſtinctly and plainly to be perceived with a 
Teleſcope. Before the Invention of this noble In- 
ſtrument, when Copernicus firſt revived the antient 
Pythagorean Syſtem, and propoſed it to the learned 
in Aſtronomy, to whom he maintained, that the 
Planets, among which he reckoned the Earth, did 
move round the Sun, which was immoveable in the 
Center; it was objected to him, that if the Motions 
of the Planets were ſuch as he ſuppoſcd them to be, 
then Venus ought to undergo the ſame Changes 
and Phaſes as the Moon does. Copernicus anſwer'd, 
that perhaps the Aſtronomers in After-· ages would find, 
that Venus does really undergo all theſe Changes. 
This Prophecy of Copernicus was firſt fulfilled by 
that great Italian Philoſopher Galileus, who direct- 
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The Prophe- 


cy of Coper- 
nicus, 


Theſe Phaſes 


ing his Teleſcope to Venus, obſerved her Appearances/#rft ſerved 


to emulate the Moon, as Copernicus had foretold : 
And theſe Obſervations did ſurprizingly confirm the 
old Syſtem revived by Copernicus. 

Ir the Centers of the Sur at S, Earth at T, and 
one of the inferior Planets at O, be joined with 
Lines, they will form the Triangle TSO : And 
if through the Center of the Planet there pals 
two Planes, one perpendicular to the Line T O, 
and the other to the LineSO; the one will cut 
off the Hemiſphere, which is turned towards the 
Earth; the other, that which is turned towards 
the Sun, and by him illuminated. And the exte- 
rior Angle of the Triangle TSO, which is at the 
Planet; that is, the i P OS, will be equal 1 

2 the 


by Galileus, 


Plate XIII. 
Fig. 4. 
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the Angle mw O 4, which meaſures ꝗ the Portion 
of the illuminated Semicircle that is turned towards 


WY the Earth. For the Angle SOr is a right Angle, 


The Quan- 
tity of I- 
luftration, 


and ſo is the Angle OT, which are therefore 
equal; but the Angles r OP and p Oq are likewiſe 

ual, being vertical to each other; and therefore, 
taking away Equals from Equals, there will remain 
the Angle SO P, equal to the Angle O4; which 
Angle is meaſured by the Arch . And therefore 
the Part of the illuſtrated Semicircle which is to- 
wards the Earth, and is to be ſeen from thence, does 
always meaſure the exterior Angle SO P of the Tri- 
angle SOT. Now this Arch, as ſeen from the 


Earth, is projected into its own verſed Sine upon 


the Disk, as we ſhewed before in the Moon. And 
hence the Illumination of Venus ſeen from the 
Earth, is to her full and total Illumination, all othei 
Things remaining the ſame, as the verſed Sine ot 
the exterior Angle at Venus is to the Diameter ot 
the Circle. 
ALTHOUGH Venus in A ſhines upon the Earth 
at T with a full Face or Orb, yet ſhe does not 
appear there with her greateſt Brightneſs and 
Luſtre; for her Splendor is diminiſhed on the Ac- 
count of her greater Diſtance from the Earth; 
and it is leſſened in a greater Proportion than the 
conſpicuous Part of the illuminated Disk is in- 
creaſed. For the Luſtre of Venus decreaſes in the 
duplicate Proportion of the Diſtance increaſed. 
But the viſible illuminated Part of her Face in- 
creaſes only according to the verſed Sine of the 
Angle SOP ; and therefore the greateſt Brightneſs 
of Yenns is not when ſhe is in A, but rather when 
the is about O. For ſuppoſe Venus at O four times 
nearer the Earth, than when ſhe is in A; in that 
Caſe every determined Part of the illuminated 
Disk will give ſixteen times more Light, than the 
ſame Part does at A: But in O it may happen, that 
only a fourth Part of the illuminated Disk can be 
ſeen from the Earth; and therefore the Brightneſs 
of Venus is more increaſed by her Diſtance bei 
diminiſhed, than the ſame Brightneſs is leflened 
on 
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on Account of a ſmaller Portion of her illuminated Lecture 


Disk being viſible from the Earth. 


Ir you defire to know in what Poſition Venus WW 
appears with the greateſt Luſtre, the great Geome- 


ter and Aſtronomer, Dr. Edmund Halley, my Col- 
legue, has given us an elegant Solution of this 
Problem in the Philoſophical Trunſactions, Numb. 
349; wherein he has ſhewn, that Venus is brighteſt 


when ſhe is about 40 Degrees removed from the 


Sun; and that then but only a fourth Part of her 
lucid Disk is to be ſeen from the Earth. And in 
this Situation Venus has been many times ſeen in 
the Day-time, even in full Sun-ſhine. This 
Beauty and Brightneſs of Venus is very admirable, 
who having no native Light of her own, and only 
enjoying the borrowed Light of the Sun, ſhould yet 
break out into ſo great a Luſtre, that the like is not 
to be obſerved in Fupiter, nor even in our Moor, 
when ſhe is in the ſame Elongation from the Sun. 
"Tis true, the Moor's Light is much greater, upon 
the Account of her apparent Magnitude, than that of 
Venus; yet it is but a dull, and, as it were, dead Light, 
which has nothing in it of that Vigcur and Briskneſs 
that does always accompany the Beams of Venus. 
Ir the Plane of the Orbit of Venus coincided 


perfectly with the Plane of the Ecliptick, Venus The Plane of 


Venus's Or- 


would always ſeem to move in the Ecliptick, and 
no-where recede from ir. But Venuss Orbit does, 


not lie in the Plane of the Ecliptick, but is in a price, 


Plane which is inclined to it, in an Angle of 3 De- 
recs and 24 Minutes, and cuts the Plane of the 
cliptick, in a Line which paſſes through the Sur's 

Center, that is called the Line of the Nodes. And 


the two Points, where the Orbit of the Planet pro- De Line of 
duced cuts the Ecliptick, are named the Nodes, %e Nodes. 


And therefore Venus is never ſeen, either from the 
Sun or the Earth, in the Ecliptick, but when ſhe 
is in the Nodes; in all the other Points of her Or- 
bit, the is ſomerimes nearer to the Eclip tick, ſome- 
times further from it; and ſeen from the Sun, ſhe 
makes her greateſt Excurſion, when ſhe is 90 Degrees 


diſtant from both the Nodes. 
M 3 LET 
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XV. 


Ecliptick, LV V N the Orbit of Venus, cutting 


the Plane of the Ecliptick in the Line »N; we 


muſt conceive the one half of this Orbit of Ve- 


Plate XIII. 9s L N to be raiſed, or to ſtand above the 


Fig. 5. 


The Helio- 
centrick 


Latitude. 


Plane of the Ecliprick, and the other half 2 VN 
to fall below that Plane; and when Venus is in N 
or 2, ſhe is then in the Ecliptick: But when ſhe 
arrives at P, the is ſeen to deviate from it; but 
in L, the Arch NL being a Quadrant ſeen from 
the Sun, ſhe appears to recede the furtheſt from 
the Ecliptick; and this Point L is called the Li- 
mit, determining her greateſt Excurſion; for from 
thence deparcing, ſhe again approaches the Eclip- 
tick. If from the Place of Venus, as in P, we let 
fall on the Plane of the Ecliptick a Perpendicular 
PE, and draw SE, the Angle PSE will meaſure 
the Diſtance of Venus from the Ecliptick, which 
is called Venus's Heliocentrick Latitude, or ſuch as it 
is ſeen from the San. Now this Latitude, having 
the Place of the Planet in its Orbit, is thus in- 
veſtigated : Let the Arch N E be a Portion of the 
Ecliptick, NP a Portion of the Planet's Orbit 
produced to the Heavens: Ler P be the Place of 
Venus, N the Node; and let a Circle paſs through 
the Place of the Planet perpendicular to the Eclip- 
tick; the Arch PE of this Circle, intercepted be- 
tween the Planet and the Ecliptick, is the Diſtance 
of the Planet from the Ecliptick, or the Meaſure ' 
of the Angle PSE. Now in the ſpherical Rectan- 

ular Triangle PN E, beſides the Right Angle at 
, we have the Side NP, the Diſtance of the 
Planer from the Node, alſo the Angle N the In- 
Clination of the Plane of the Orbit to the Eclip- 
tick; wherefore by Trigonometry we can find out 
PE, which is the Heliocentrick Latitude of the 
Planet. This Heliocentrick Latitude, when the 
Planet comes to the ſame Point of its Orbit, is al- 


We Geocen - Ways the ſame and unchangeable : But the Geo- 
trick Lati- centrick Latitude, or the Diſtance of the Planet 


tude, 


from the Ecliptick, as it is ſeen from the Earth, 
even though the Planet be in the ſame Point of 


her 
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according to the Polition of the Earth, in reſpect 
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her Orbit, is not conſtantly the ſame, but alters Lecture 


XV. 


to the Planer. For let BT Az be the Orbit of the WWW 


Earth, P N, as before, the Orbit of the Planet, 
which ſuppoſe to be at P; from which ler fall on 
the Plane of the Ecliptick the Perpendicular PE : 


in whatever Part of her Orbit the Earth is, this Plate XIII. 
Line PE will always ſubtend the Angle which Fis. 6. 


meaſures the Geocentrick Latitude of the Planet. 
Suppoſe therefore the Earth at T, and Venus in P, 
where the comes neareſt to the Earth; in which 
Poſition Venus is ſeen in her inferior Conjunction 
with the Sen, and her Geocentrick Latitude is mea- 
ſured by the Angle PT E. But if Venus ſhould 
be in the ſame Situation P, and the Earth were at 
Z, and from thence Venus were obſerved in her 
ſuperior Conjunction with the Sun, where ſhe is at 
her greateſt Diſtance from us, her Geocentrical La- 
titude would be anſwerable to the Angle Pr E, which 
is much leſs than the Angle PT E; becauſe the 
Diſtance Pe is greater than PT. What we have 
here ſaid of the Latitude of Venus, is likewiſe true 
of that of Mercury, and upon the ſame Account. 
Hence it is plain, that the inferior Planets, all 
other Things remaining the ſame, have a greater 
Latitude when they are near the Earth, than when 
they are further off. And it may happen, that the 
Geocentrical Latitude of Venus may be greater than 
her-Heliocentrick, which will be when ſhe is be- 
tween the Sun and the Earth, and the is nearer to 
us than to the Sun, But Mercury keeping al- 
ways at a greater Diſtance from the Earth, than he 
has from the Sun, his Geocentrick Latitude will 
conſtantly be leſs than his Heliocentrick, which, 
when at the biggeſt, is about 7 Degrees; for ſo 
much is the Inclination of his Orbit to the Plane 
of the Ecliptick. 

SINCE none of the Orbits of the Planers lie 
in the Plane of the Ecliptick, but all of them cut 
it in a Line paſſing through the Sun, no Planet 
can be above twice in the Time of its Period in 
the Ecliptick, which is when they are in their 

M 4 Nodes ; 
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Nodes; at all other times every one of them will 
deviate, ſome more, ſome leſs, from the ſaid Plane 
of the Ecliptick: But yet there are certain deter- 
minate Boundaries which they never tranſgreſs. 
And therefore, if we imagine in the Heavens a 


Zone, or broad Circle of 20 Degrees Breadth, 


that is, 10 Degrees on each Side of the Ecliptick, 
which lies exactly in the Middle of this Space or 
Zone; ſuch a Space will conſtantly contain all the 
Planets in its Compaſs, and is called the Zodiack, 
from the Images of living Creatures, or the Con- 
ſtellations which fill that Part of the Heavens: The 
Earth keeping always, as it were, in the King's 
Highway, never turns out from its Courſe in the 
Ecliptick; but the Moon, and the other five Wan- 
derers, will make Excurſions from it, for ſeveral 
Degrees, ſometimes to the North-ſide, and ſome- 
times to the $uth-ſide of the Ecliptick; and yet 
2 always keep within the Bounds of the Zo- 
Jack. | 


The Mien HitaERTo we have conſidered the Motion 


of Venus in 


che Zodiack, 


and Phaſes of Venus, as they have a Relation to 
the Sun and Earth: Let us next conſider the 
Motions of Venus in. the Heavens, as they are ob- 
ſerved from the Earth, and the Way ſhe takes 
in the Zodiack. For which Purpoſe let ABC be 
the Orbit of Venus, TGF the Orbit of the Earth, 


the Circle LMO the Zodiack among the fixed 


Plate XIII. 
Fig. 7. 


Stars: And, firſt, ſuppoſe the Earth in T, and Je- 


uus in A, near her ſuperior Conjunction with the 
Sun; it is evident, that a Spectator on the Earth 
will ſee Venus at A, as if ſhe were in the Point 
of the Zodiack L: If the Earth had no Motion 


while Venus moves from A to B in its Orbit, it 


would ſeem to deſcribe the Portion of the Zodiack 
LM: But in the mean time the Earth alſo moyes ; 
and when Venus is in B, the Earth is come to\ the 
Point of its Orbit H; from whence the Spectator 
looking upon Venus at B, obſerves her in the Zo- 
diack at N; ſo that ſhe will ſeem to have run 
through the Space LMN in the Zodiack: And 
Venus will appear to have gone more 3 

than 
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than ſhe would have done, had the Earth ſtood Lecture 
ſtill without any Motion in its Orbit. But when XV. 
Venus comes to C, the Earth has moved on toG; wyws 
ſo that Venus is ſeen in the Line G O drawn from the Venus Di- 
Earth, which touches her Orbit; in which Po- 
ſition her apparent Motion in the Zodiack will be 
very nearly equal to the apparent Motion of the 
Sun. From thence let Venus move on from C ro A, 
and in that Time the Earth will have come from | 
G to K, and then Veuus will be ſeen near her in- 
ferior Conjuntdtion with the Sun; in which Poſition 
ſhe will be obſerved in the Zodiack, as if ſhe were 
at P: But before ſhe was ſeen at O; and there- Venus Re- 
fore ſhe will here appear to have gone backwards. 
in the Zodiack through the Arch O P, or to have 
moved from the Eaft to the Veſt, contrary to the 
Order of the Signs. And becauſe in C ſhe was 
obſerved to go Eaſtwards as faſt as the Sun does; 
but in A the is ſeen to have a quick Motion 
backward : There muſt be ſome Place of her Or- 
bit between C and A, where ſhe appears to us 
neither to go forward nor backward, but to ſtand Venus Sta- 
ſtill, and continue in the ſame Place of the Hea- . 
vens: In which Caſe the is ſaid to be Stationary, 
or to ſtand till. 
Ler Venus now arrive at E, and the Earth at 
the Point of its Orbit F: Venus will then be ſeen 
in the Point of the Ecliptick Q, and will ap- 
ear to have moved further backwards in the 
Ecliptick, or towards the Weſt. But when Venus 
is ſeen from the Earth in a Line which touches 
her Orbit, ſhe will then ſeem to have a progreſ- 
five Motion, equal to the apparent Motion of the 
Sun from Weſt to Eaſt: And becauſe before, her 
apparent Motion was backward, or from Eaſt to 
Weſt, and now forward the contrary Way, from 
Weſt to Eaſt, there muſt be ſome Place between 
the two contrary Motions, where ſhe will neither 
appear to go backwards nor forward ; but for ſome 
Time to ſtand ſtill, and keep the ſame Poſition. in 
the Heavens. While the Earth comes to D, and 
Venus arrives at C, the will appear in that Time 
tO 
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Nodes; at all other times every one of them will 
deviate, ſome more, ſome leſs, from the ſaid Plane 
of the Ecliptick : But yet there are certain deter- 
minate Boundaries which they never tranſgreſs. 
And therefore, if we imagine in the Heavens a 


Zone, or broad Circle of 20 Degrees Breadth, . 


that is, 10 Degrees on each Side of the Ecliptick, 
which lies exactly in the Middle of this Space or 
Zone; ſuch a Space will conſtantly contain all the 
Planets in its Compaſs, and is called the Zodiack, 
from the Images of living Creatures, or the Con- 
ſtellations which fill that Part of the Heavens: The 
Earth keeping always, as it were, in the King's 
Highway, never turns out from its Courſe in the 
Ecliptick; but the Moon, and the other five Wan- 
derers, will make Excurſions from it, for ſeveral 
Degrees, ſometimes to the North. ſide, and ſome- 
times to the Suth- ſide of the Ecliptick; and yet 
a always keep within the Bounds of the Zo- 
1dcæx. 0 | 

HiTyERTo we have conſidered the Motion 
and Phaſes of Venus, as they have a Relation to 
the Sun and Earth: Let us next conſider the 
Motions of Venus in. the Heavens, as they are ob- 
ſerved from the Earth, and the Way ſhe takes 
in the Zodiack. For which Purpoſe let ABC be 
the Orbit of Venus, TGF the Orbit of the Earth, 
the Circle LMO the Zodiack among the fixed 


Stars: And, firſt, ſuppoſe the Earth in T, and Je- 


uus in A, near her ſuperior Conjunction with the 
Sun; it is evident, that a Spectator on the Earth 
will ſee Venus at A, as if ſhe were in the Point 


of the Zodiack L: If the Earth had no Motion 


while Venus moves from A to B in its Orbit, it 
would ſeem to deſcribe the Portion of the Zodiacł 
LM: But in the mean time the Earth alſo moves; 
and when Venus is in B, the Earth is come to the 
Point of its Orbit H; from whence the Spectator 
looking upon Venus at B, obſerves her in the Zo- 
diack at N; ſo that ſhe will ſeem to have run 
through the Space LMN in the Zodiack: And 
Venus will appear to have gone more * 

than 


— 


. — 


EBCTURES. 169 


than ſhe would have done, had the Earth ſtood Lecture 
ſtill without any Motion in its Orbit. But when XV. 
Venus comes to C, the Earth has moved on toG; wws 
ſo that Venus is ſeen in the Line G O drawn from the Venus Di- 
Earth, which touches her Orbit; in which Po- . 
ſition her apparent Motion in the Zodiack will be 
very nearly equal to the apparent Motion of the 
Sun. From thence let Venus move on from Cro A, 
and in that Time the Earth will have come from | 
G to K, and then Venus will be ſeen near her in- 
ferior Conjundtion with the Sun; in which Poſition 
ſhe will be obſerved in the Zodiack, as if ſhe were 
at P: But before ſhe was ſeen at O; and there- Venus Re- 
fore ſhe will here appear to have gone backwards Et. 
in the Zodiack through the Arch O P, or to have 
moved from the Eaft to the Weſt, contrary to the 
Order of the Signs. And becauſe in C ſhe was 
obſerved to go Eaſtwards as faſt as the Sun does; 
but in A ſhe is ſeen to have a quick Motion 
backward: There muſt be ſome Place of her Or- 
bit between C and A, where ſhe appears to us 
neither to go forward nor backward, but to ſtand Venus Sra- 
ſtill, and continue in the fame Place of the Hea- 49. 
vens: In which Caſe ſhe is ſaid to be Stationary, 
or to ſtand ſtill. 
LET Venus now arrive at E, and the Earth at 
the Point of its Orbit F: Venus will then be ſeen 
in the Point of the Ecliptick Q, and will ap- 
pou to have moved further backwards in the 
cliptick, or towards the Weſt. But when Venus 
is ſeen from the Earth in a Line which touches 
her Orbit, ſhe will then ſeem to have a progreſ- 
five Motion, equal to the apparent Motion of the 
Sun from Weſt to Eaſt: And becauſe before, her 
apparent Motion was backward, or from Eaſt to 
Weſt, and now forward the contrary Way, from 
Weſt to Eaſt, there muſt be ſome Place between 
the two contrary Motions, where ſhe will neither 
appear to go backwards nor forward ; but for ſome 
Time to ſtand ſtill, and keep the ſame Poliion, in 
the Heavens. While the Earth comes to D, and 
Venus arrives at C, ſhe will appear in that Time 
ro 
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Lecture to have moved through the Arch Q R of the Zo- 
XV. aback, and to have a quicker Motion towards the 
E. Hence Venus, when ſhe is in her ſuperior 
Conjunction with the Sun, is always ſeen to move 

directly according to the Order of the Signs ; 

but when ſhe is in her inferior Conjunttion, and 
between the Earth and the Sun, then ſhe is ſeen 

to have a backward Motion, and to be carried 

againſt the Order of the Signs, from Eaſt to 


Weſt. 

The Appear- 1 we have demonſtrated concern- 
_— ing the Motions of Venus, is likewiſe true, and 
Iite theſe of to be underitood of the Motions of Mercury; 
Venus; but the Conjundtions of Mercury with the Sun, his 
Directions, Stations, and Reirogradations, are 
more frequent than in Venus; tor Mercury circu— 
lating faſter, and in a leſſer Orbit than Venus, does 
oftner overtake the Earth than ſhe, Hence it is 
lain, that the Motions of theſe two Planets, ſeen 
rom the Earth, are very irregular and unequal, 
ſince they are ſometimes ſeen to have a Motion 
forward; ſometimes they appear immoveable or 
ſta:ionary ; after this they change their Courſe, 
and move backwards; and after ſuch a Regreſ- 
ſion, they again take up their Stations, and keep 
for ſome time the ſame Place in the Zodiack. 
Whereas a Spectator in the Sun will always obſerve 
theſe Planets to go forward with a Motion re- 
— after a certain Rate: For the apparent 
nequality of theſe Motions, ſeen from the Earth, 
is ſuch as exactly anſwers to a regular Motion 
round the Sun. And therefore it is manifeſt, that 
the Sun, and not the Earzh, is the Center of theſe 

Planets Motion. | 
The Orbit of W ſhewed before, that the Orbit of the Earth 
Mercury and Was not a Circle, but an Ellipſe; the ſame Thing 
Venus £/- is true of the Orbits of Venus and Mercury, and 
Fiprical. of all the other Planets, which are really Ellipſes, 
and not Circles, that have one common Focus in 
vhich the Su relides, about whom the Planets 
perform their Circulations with Motions, which 
though not pertectly equable, yet they are all re- 
| | | gulated 
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ulated by a certain, unchangeable and conſtant Lecture 
Faw. which none of them tranſ:reſs; for every XVI. 
Planet moves in the Perimeter of his own Ellipſe, Us 
ſo that the Line or Ray paſling from its Center to FE? 
the Center of the Sun, does always deſcribe or 

my an Elliptick Space or Area 1 to 

the Time; or, which is the ſame Thing, in equal 

Time it ſweeps an equal Area. Hence the Planets 

muſt move more {lowly in their Aphelia, and 

quicker in their Perih-lia: And thele Aphelia are 

not like the Apogeon of the Moon; but they are 

either at Reſt without Motion, or, if they have 

any, it is ſo flow, that it is not eaſily perceived in 

the Time of a Man's Age. And here it is to be 
obſerved, that of all the Planets, Mercury has the 

moſt Excentrick Orbit; for therein the Excentri- 

City is to the mean Diſtance as 2051 to 10000. 
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LECTURE XvL 
Of the Motions of the three ſuperior Pla- 


nets, Mars, Jupiter and Saturn, and 
the Appearances ariſmg from them. 


E have now dwelt long enough on Theſe ſuperi- 
the Explications of the Motions of 5 _ 
the two inferior Planets; let us next any Pofition 
contemplate the Superiors. For or Aſpect in 
which Purpoſe let ABCT be the 2 of the 
Orbit of the Earth, and let Saturn, plate xIV, 
Jupiter and Mars, turn round the Fig. 1. 
Sun in different Orbits at their proper Diſtances, 

and perform their Circulations, each in its proper 

Period; and let PQ be a Portion of the Zodiacł 

in which theſe Planets are obſerved to perform 


their 
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Lecture their Motions: Firſt, It is plain that all theſe Plane ts, 
XVI. ſeen from the Sun, may be obſerved either in Con- 
LW junior with the Earth, or in Oppoſition to it. Thus 
Saturn may be in h, when the Earth is in M, in 
the Line which joins the Centers of the Sun and Sa- 
turn; in which Caſe the Earth and Saturn from 
the Sun are ſeen in Conjunction: But the Earth may 
likewiſe be in the ſame Right Line produced the 
contrary Way, as in B, where from the Sun theſe 
two Planets will be ſeen in Oppoſition to each other. 
But in this Situation, the Sun ſeen from the Earth, 
will appear to be in Conjunction with Saturn. Se- 
condly, It is evident, that theſe Planets, ſeen from the 
Earth, may have any Aſpect, or obtain any Poſi- 
tion in reſpect to the Sun, and may have any deſired 
Elongation from him; which cannot be in the in- 
ferior Planets, who are always confined to the 
Neighbourhood of the Sn. For from the Earth 
T, there may be drawn a Line T P, which will 
cut all the Orbits of the ſuperior Planets, and 
may make, with T'S the Line which joins the Sun 
and Earth, any Angle required, as STP. And 
therefore, when the Earth is in T, Saturn may be 
in F, whoſe Elongation from the Sun will then be 
the Angle ST F. Moreover, when the Earth and 
any ſuperior Planet are ſeen from the Su in Con- 
junction together, that Planet, obſerved from the 
Earth, will appear in Oppoſition to the Sun; and an 
Inhabitant of our terraqueous Globe will ſee the 

Sun and it, in oppoſite Parts of the Heavens. 
LET now any ſuperior Planet, as for Example, 
Saturn, be ſcen from the Sun in Conunttion with 
2 Times the Earth: After Conjunction the Earth having a 
Conjuncti. Quicker angular Motion than Saturn, an Inhabi- 
ons, or reo tant or Spectator in the Sun will ſee the Earth 
Oppoſitions, daily to recede more and more from Saturn. And 
= _ becauſe the Earth, according to its mean Motion, 
does every Day deſcribe an Arch of the Ecliptick 
of 59 Minutes 8 Seconds, and Saturn moves only 
2 Minutes in a Day, the Earth will appear from 
the Sun, to recede every Day from Saturn the 8 
0 
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of an Arch of 57 Minutes 8 Seconds. If we ſay 
then, As 57 Minutes 8 Seconds is to 360 Degrees, 
or to . Minutes, ſo is one Day to a fourth 
Quantity; we ſhall have the Number of Days in 
which the Earth will be again obſerved from the 
Sun, to be in Conjunction with Saturn, which is 
378 Days. But when the Earth and Saturn are 
ſeen from the Sun in Conjunction, the Sun and Sa- 
turn from the Earth appear in Oppoſition. And 
therefore the Time between two Oppoſitions of the 
Sun and Saturn, immediately following one ano- 
ther, computed according to their middle Motions, 
is 378 Days, or 1 Year and 13 Days. And there 
is the ſame Time between two Conjunctions of Sa- 
turn and the Sun ſeen from the Earth, or between 
any two ſimilar Aſpects or Elongations from the Sun. 
And the Time between the Oppoſetion and Conjuncti- 
on of Saturn with the Sun, is the half of this Time, 
or 189 Days. 

By the fame Method we ſhall find, that the 
Time between two Coujunctious or Oppoſitions of 
Jupiter and the Sum conſiſts of 398 Days, or a 
Year and 33 Days. But Mars, after an Oppoſition, 
does not again come into the ſame Situation, till 
after two Years and 50 Days. | 
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WHEN the Planets are in Oppoſition to the Sun, 


they riſe when the Sun ſets, and ſet when he 
riſes; and then, after their Departure from the Op- 
poſition to the Sun, they remain to the Eaſtward 
of the Sun; and after Sun-ſert they are to be ſeen 
in the Evening, till they come in Conjunction with 
him, when they ſet and riſe together. Afterwards, 
as they recede from the Sun, oy become more 


Weſterly than he, and are then only to be ſeen in 


the Morning before the Sun is up; for in the Even- 
ing they ſet before the Sun, till they at laſt come 


to be oppolite to the Sun, when again they riſe at 
Sun-ſet. 


As in the inferior Plauets, ſo the ſuperior have h Planes 
not their Orbits in the Plane of the Ecliptick ; V heir Or- 
for the Planes of all their Orbits cut the Plane of “7 7 


the Ecliptick in Lines which paſs through the 


Sun, 


clined to the 
Eclipt ich, 


| 
| 
| 
4 
| 
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Lecture Sun, which are called, the Lines of the Planets 
XVI. Nodes: And the Points where theſe Lines meet 
nich the Ecliptick, are called the Nodes. And 
therefore the ſuperior Planets are never preciſely 
in the Ecliptick, but when they are in the Nodes : 
In all the other Points of their Orbits they are 
further or nearer to the Ecliptick, according to 
their Diſtance from the Nodes; and their Diſtances 
are greateſt, when they are at equal Diſtances from 
both Nodes; which Points are called the Limits, 
where the 8 Heliocentrick Latitudes, which 
meaſure the Inclinations of the Ocbits to the Ec- 
liptick, are as follow: Saturn's greateſt Helio- 
centrick Latitude is 2 Degrees 30 Minutes; Fupi- 
ter's is 1 Degree 20 Minutes; and that of Mars is 
1 Degree 52 Minutes. 
De Helio- HAVING the Place of a Planet in its Orbit, 
centrick and Or, Which is the ſame Thing, its Diſtance from the 
2 Node, by the ſame Method we find out its Helio- 
" centrick Latitude, as we did in the inferior Pla- 
nets Mercury and Venus. But the Geocentrick La- 
titudes, or the Diſtances of the Planets from the 
Ecliptick, as they are ſeen from the Earth, depend 
much upon the Poſition and Diſtance of the Earth. 
For where the Heliocentrick Latitude continues 
the ſame, yet according to the various Poſitions 
the Earth may have, the viſible Latitude of a 
| Planet ſeen from thence, will be various. For 
1 let T & be the Orbit of the Earth; and the Or- 
= | Plate XIV, bit of any ſuperior Plauet, as for Example, that 
| Fig. 22 of Mars, ſuppoſe to be & M, whoſe Plane is in- 
clined to the Ecliptick, and cuts it in the Line of 
Nodes N. Let Mars be in &, and the Earth in 
T, ſo as Mars may be obſerved in Oppoſition to 
the Sun; and from & let fall on the Plane of the 
| | Ecliptick the Perpendicular & E; this Line will 
; ſubtend the Angle which meaſures the Geocentrick 
| 
| 


Latitude. And therefore, when the Earth is in 
T, the viſible Latitude is meaſured by the Angle 
F TE. Bur if the Earth was in t, fo that Mars 
was ſeen in Conjunction with the Sun, its viſible 
Latitude will be the Arch which meaſures the 

Angle 
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Angle & t E, which is much leſs than the Angle Lecture 
& T E, and is nearly leſs in the fame Proportion XVI. 
as the Diſtance TI & is leſs than the Diſtance ? ..... 
When the. Earth is in T, the Geocentrick Latitude 

of Mars is greater than its Heliocentrick; but when 

it is in t, the Helzocentrick is greater than the Geo- 
centrick and according to the various Poſicions 

of Mars and the Earth, his viſible Latitude will 

be changeable; ſo that all other Things being alike, 

the Laricude is greater, the nearer he comes to the 
Oppoſition of the Sun; and the leſs, as he approaches 

to a Conjunttion with the ſame. 

IT is alſo evident, that none of the ſuperior Pla- 
zets can be ſeen from the Earth in the Suns Disk, 
as the inferior Mercury and Venus are; but yet they 
may be all of them covered by the Sun, and lie be- 
hind him, when they come in Conjunction with him, 
and are near their Nodes. 

SINCE the Faces of all the Planets which are Jupiter and 
turned towards the Sun, ſhine only with a re- Have 
flected and borrowed Light; and becauſe the round full 
Earth, ſeen from Jupiter or Saturn, is always to Face. 
be obſerved near the Sun's Body; the Faces of 
theſe P/anets which are turned towards the Sun, 
will alſo be towards the Earth; whence the In- 
habitants of our Globe do always behold theſe Pla- 
nets ſhining in full Orbs or Circles. But Mars 
having an Orbit which lies very near the Earth, 
its Face, which is towards the Sun, will not always 
be totally turned towards the Earth; but when in Mars in bis 
his Quadrature, or when there is about a fourth Ryadratere, 
Part of the Ecliptick between the Sun and him, as Pl xv 
ſuppoſe the Earth in M or B, and Mars in N or Fig. 1. 
R, then ſome Part of the illuminated Face will be 
turned from the Earth; and therefore Mars will not 
appear in a complete Circle, but will be ſeen as 
deficient or gibboſe; but when he comes to be in 
Cor junction or Oppoſition, he then re- aſſumes his 
round Figure, his illuminated Face being totally 
turned towards the Earth; and particularly, when, 
in Oppoſition to the Sun, he looks brighteſt and 
biggeſt. 


FoR 
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Lecture For all the ſuperior Planets appear much bigget 
XVI. when they are in Oppoſition to the Sur, than when 
they are in Conjunction, being much nearer to the 
I Oppoſiti- Earth in the one Poſition than in the other; inſo- 
2 13 much that the Difference of their Diſtances in 
ore biggeft, theſe two Poſitions, is as great as the Diameter of 
that Orb in which the Earth goes round the Sun; 
which Difference bears a conſiderable Proportion 
to the Diſtance of Mars from the Sun, and greater 
than it does to the Diſtances of the other Planets; 
and therefore will produce a great Difference in 
his apparent Magnitude : For Mars is five times 
nearer to us when he is in Oppoſition, than when 
he is in Conjunction with the Sun. And therefore, 
ſince the viſible Disk and Luſtre of a Planet in- 
creaſes in a duplicate Porportion of that wherein 
the Diſtance is diminiſhed, Mars will appear 25 
times bigger and brighter when he is in Oppoſition, 

than when he is in Conjuuction with the Sun. 
The appa- BECAUSE Jupiter is five times further off the 
rent Diame- Sun than the Earth is, the apparent Diameter of 
= — the Sun ſeen from Jupiter will be five times leſs 
from jupiter than it is ſeen from the Earth, and will be no big- 
and Saturn. ger than 6 Minutes, which to us is 30 Minutes. 
And the Disk of the Sun will appear 25 times 
leſs to the Inhabitants of Jupiter, than it does to 
us, who will likewiſe receive but the 25th Part of 
the Light and Heat from him that we enjoy. Bur 
Saturn being ten times further from the Sus than 
we, the apparent Diameter of the Sun ſeen from 
him, will be no bigger than 3 Minutes, and will 
be but little more than twice the Diameter of Ve- 
nus, when ſhe approaches neareſt to the Earth: 
And therefore the Disk of the Sun, as it would 
Their De- Appear to a Saturnian Aſtronomer, will be a Hun- 
grees of Heat dred times leſs than we ſee it; and both its 
compared Light and Heat are there diminiſhed in the fame 
H hi Proportion; and therefore the warmeſt Regions 


Heat, which | 
we receive in Saturn, even under his Æquator, are much 


| » fromtbeSun« colder than our Frigid Zones. 
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ALL the ſuperior Planets obſerved from the Sun, Lecture 


will appear to move regularly the ſame Way, and XVI. 
to proceed in their Orbits according to the ſame CFWWJ 


Law; which is the equable Deſcription or ſweeping De, Morions 


of Elliptick Area's round the Sun; by which means gent jo 


their angular Motions round the Sun will appear 332 the 
what unequal: For in their Aphelia, they proceed Sun, are 
more ſlowly ; in coming to their Perihelia, they accele-＋ν 3% 
rate their Motions. But theſe Planets, obſerved from 57 gen the 
the Earth, have very different Appearances, and irre-Earth bey 
gular Motions in the Zodiatk. Sometimes they #77 «ſerved 
eem to move forward from Weſt to Eaſt, accord- 9 
ing to their real. Motions; then they by Degrees 
ſlacken their Pace, till at laſt they loſe all their Mo- 
tion, and ſeem to ſtand ſtill. After ſome ſmall Time 
they are again ſet a moving, but ſeem to take a con- 
trary Courſe to what they had before; and go back- 
wards directly in Oppoſition to their real and true 
Motions. And thus having for ſome Way gone 
backward, or from Eaſt to Weſt, they come again 
to be immoveable and ſtationary. Theſe great 
Changes of their Courſes and Motions are not real 
in the Planets, but are occaſioned by the Motion 
and Poſition of the Earth, from whence the Aſtro- 
nomer obſerves them. | 

Ler PQO be a Portion of the Zodiack, Plate XV, 
ABCD the Orbit of the Earth, EMGHZT% . 
the Orbit of a ſuperior P/anez : For Example, of 
Saturn ; and ſuppoſe the Earth in A, and Saturn in 
E ; in which Poſition he will appear in the Zo- 
diack at the Point O. If Saturn remained there 
without any Motion of his own, when the Earth 
comes to B, he would be ſeen in the Point of the 
Zodiack L, and would appear to have deſcribed 
the Arch of the Zodiack 0 L, and to have moved 
according to the Order of the Signs, from Weſt 
to Eaſt. But becauſe in the mean time, while the 
Earth is paſſing from A to B, Saturn does likewiſe 
move in his own Orbir from E to M, where he is 
ſeen in Conjunction with the Sun, he will appear 
to have deſcribed the Arch of the Zodiack OQ, 

| N which 
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Lecture which is greater than.the Arch OL ; whence the 
XVI. ſuperior Planets, when they are in Conjunction 
[wic che S-, appear to have a Motion forward 
When the much quicker than at other Times, and that for 
1 „ a twofold Cauſe; which is, becauſe they really 
direft and have a Motion forward from Weſt to Eaſt; and 
ſwift. likewiſe, becauſe the Earth, in the oppoſite Part of 
the Heavens, is carried the ſame Way round the 

ſame Center. And therefore theſe Planets, when 

they are at their day Diſtance from us, and in 
Conjunition with the Sun, appear to have a quicker 

Motion than uſual to the Eaſt, according to the 

Order of the Signs: In which Poſition a Planet 

is faid to be direct, or to have a direct Motion. 

When the Earth comes to C, while Saturn de- 

ſcribes the Arch MG, he will then be obſerved 

in the Zodiack at R. Bur the Earth being ad- 

vanced to K, and Saturn to H, ſo as the Line 

KH joining the Earth and Saturn, continue for 

ſome time parallel to itſelf, or very nearly ſo; 


then our Aſtronomers will obſerve Saturn all that 


while in the ſame Point of the Zodiack at P, and 
with the ſame fixed Stars, he then appearing Sta- 
tionary. But the Earth being come ro D, and 
Saturu coming into Oppoſition to the Sun in X, he 
will appear in the Zodiac at V, and will ſeem to 
have gone backwards through the Arch PV. And 
therefore the ſuperior Plauets, when they are in 
Oppoſition to the Sun, are always retrograde, or 
appear to have a backward Motion from Eaſt to 
Weſt, which is contrary to the Order of the 

When Sta- Signs. But when the Earth comes again to A, 

fronary. and Saturn remaining near to Z, again that Planet 
will ſeem there to occupy his Station, and to re- 
main without Motion. At laſt, after the Earth has 
left that Situation, Saturn will appear to begin again 
to move forward. 

WHAT we have here ſhewed concerning Saturn, 
is likewiſe to be underſtood of Jupiter and Mars, 
who are likewiſe obſerved to haye all theſe Va» 
riations and Changes in their Motions, as ſome- 

times 
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LECTURES. = 
times to move quickly forwards, then to ſtand ſtill, Lecture 
and after that to fall backward ; then again they XVI. 
become Stationary ; and in a ſhort time after they WW 
go forward with a direct Motion. But the Re- 7 er Re- 
greſſions or backward Motions of Saturn, are K 4. 
more frequent than thole of Jupiter; becauſe the 
Earth more frequently overtakes Saturn whoſe 
Motion is flower than Fupiter's, who is not a little 

uicker in his Motion. And for the ſame Rea- 
on Fupiter's Regreſſions do oftener happen than 
thoſe of Mars; becauſe Mars moving faſter, de- 
ſcribes a greater Space in the Zodiack ; ſo that 
there is more Time neceſſary for him to come in 
Oppoſition to the Sun, than what Jupiter needs for 

that Purpoſe. 

Ler AC be a Portion of the Earth's Orbit, De Paral- 
which is touched by the right Line AN, in which . 
we will ſuppoſe the ſuperior Planett to be ſeen from a 
the Earth, viz. Mars in &, Jupiter , and Saturn 
in H ; and let KL MN be a Portion of the Zodiac k. 

Then the Place of Mars ſeen from the Sun is K, 
which is called his true or heliocentrick Place. 

But an Aſtronomer on the Earth will obſerve him 

at the Point N, which is called his apparent or geo- 
centrick Place; ſo likewiſe Jupiter, ſeen from the 

Sun, appears in L, which is his true Place; but plate xv. 
from the Earth his apparent Place is N. After the Fig: 2. 
ſame Manner the true Place of Saturn ſeen from 

the Sun, the Center of his Motion, is M; but his 
Place in the Zodiack, that is viſible from the Earth, 

is N. The Arches KN, LN, MN, the Diffe- 
rences between the true and apparent Places of the 
ſuperior Planets, are called the Parallaxes of the 

1. annual Orb in theſe Planets. Through the Sun S 

oF draw SO parallel to AN, and by the 297h of the 

1 iſt of Eucid, the Angles AS, AYS, A HS 
th will be reſpectively equal to the Angles K SO, 

LSO and MSO. Bur the Angle ANS is equal 

to the Angle NS O, whoſe 3 is the Arch 

NO, which will cherefore be the Meaſure of the 

Angle ANS, which is the Angle under which the 

N 2 Semidiameter 

3.0 
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Lecture Semidiameter AS of the Earth's Orbit is ſeen from 
XVI. the ſtarry Heavens. But this Semidiameter is no- 
BU chung in reſpect of the great Diſtance of the Heavens 
or Stars; for from thence it would appear under no 
ſenſible Angle, and look like a Point. And there- 
fore in the Heavens the Angle N SO, or the Arch 
NO vaniſheth, and the Points N and O coincide ; 
and the Arches KO, LO, MO, are of the ſame 
Bigneſs wich the Arches KN, LN, and MN, 
which are therefore the Meaſures of the Angles 
Ad 8, AS, Ah S. But theſe Angles are as the 
apparent Semidiameters of the Orbit of the Earth 
ſeen from the reſpective Planet: And therefore in 
each of the ſuperior Planets the Parallax of the an-. 
nual Orbit is equal to the Angle under which the 
Semidiameter of the Earth's Orbit is ſeen from that 
Planet ; and the nearer any of them is to the Earth 
or Sun, ſo much the bigger is that Angle. And 
therefore this Parallax in Mars is greater than in 
Jupiter, and again in Fupiter greater than it is in 
Saturn. But in the fixed Stars there can be no Pa- 
rallax of the annual Orb obſerved, it being fo very 
ſmall. 

The Retro» TIT is alſo evident from hence, that the Retro- 
, greſſions of Mars are greater than thoſe of Fupiter, 
_ oben chef though they do not happen ſo often; ſo likewiſe Ju- 
of Jupiter ; piter has his Retrogreſſions greater than thoſe of Sa- 
and Japi- turn; and that upon a double Account: Firſt, be- 
* 8 cauſe Mars is nearer to the Earth than Jupiter, and 
turn'ss Jupiter ncarer than Saturn; and likewiſe becauſe 

they move faſter, 
Havixo the Parallax of the annual Orb in any 
Planet, we can from thence eaſily find his Diſtance 
from the Sun, in reſpect of the Earth's Diſtance 
Fi from him. For in Mars, becauſe the Angle A F S 
| is given, being meaſured by the Parallax of the an- 
| nual Orb, and the Angle d AS is found by Obſer- 
| vation, being the viſible Elongation of Mars from 
the Sun: If we make the Proportion, as the Sine of 
the annual Parallax is to the Size of the Elongation, 
ſo let SA the Diſtance of the Earth from the Sun 


be 
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be to a Fourth, which will be d 8, the Diſtance of 
Mars from the Sun. This annual Parallax, by which 


times ſlower, in the Heavens, ſometimes to go Eaſt- 
ward, and ſometimes Weſtward, produces in their 
Motions an Inequality ; which, by the Aſtronomers, 
is called their ſecond or optical Inequality, to diſtin- 


Iguiſh it from their firſt Inequality, which the P/aners 
really have, by which they move in their Orbits 
with Motions that are not always the ſame. In the 


1} Oppoſitions or Conjunctions of theſe Planets with the 
Sun, this ſecond Inequality or Parallax vaniſhes ; 
and their Geocentrict Places and the Heliocentrick 
coincide; or a Spectator in the Sun, and another in 
the Earth, would obſerve the Planet in the ſame 


s Point of the Heavens. 


IAE Angles Ad S, AYS, A h 8, are nearly 
the greateſt Elongations of the Earth from the Sun, 
it ſhe were obſerved from the reſpective Planets, 
when the Line N & A touches the Earth's Orb in A. 
In Mars the Angle A & S is about 42 Degrees; and 
therefore the Earth, ſeen from Mars, never goes ſo 


far from the Sun as we ſee Venus does. In Jupiter 
rhe greateſt Elongation of the Earth from the Sun 
{will be obſerved to be but 11 Degrees, and there- 


fore is not ſo much as half the Diſtance we obſerve 
| Mercury to depart from the Sun. In Saturn, the 
Angle A Hh 8, or the greateſt Elongation of the Earth 
from the Sun that can be ſeen from that Planet, is 
but 6 Degrees, and not much above a fourth Part 
of the greateſt Elongation we obſerve in Mercury. 
And ſince Mercury is but ſeldom ſeen by us, a Sight 
of the Earth from Saturn may be a rare and un- 
uſual Spectacle : Perhaps the Saturnian Aſtronomers 
have not yet diſcovered, that there is ſuch a Body 
as our Earth in the Univerſe. 

Each of the two outmoſt of the Planets have a 
good Company of Attendants; for Jupiter keeps no 
fewer than four conſtantly by him, and Saturn five 
in his Retinue, which is a Sight no leſs wonderful 
man delightful. Theſe 5 like our Moon, do 


* always 
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the Planets ſeem ſometimes to move faſter, ſome- (wad 


The Altten- 

dants or Sa- 

tellits of 
upiter and 
aturn, 
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Lecture always accompany their primaty Planets in their Cir- 


XVI. 


cuits round the Sun; and in the mean time they 


perform cheir proper Circulations about their Pri- 


maries ; and therefore they will have the ſame Phaſes 
and Figures that our Moon ſhews us: When they 
are in Oppoſition to the Sun, they appear to Saturn 
and Jupiter bright and full; from thence receding, 
they aſſume a gibbous Shape. When they come to 
a Quadrantile Aſpect, they look like Half-Moons ; 
before the Conjunction they ſhew themſelves in horned 
Figures; and when they come to be joined in the 


ſame Line with the Sun, they totally diſappear. 


Plate XV. 
Fig. 3. 


THESE Satellits, ſeen from the Earth, though they 
go, at the furtheſt, but a little Way from their Pri- 
maries, yet ſometimes they approach them nearer, 
and ſometimes remove a little further from them. 
Let ABT be the Orbit of the Earth, in the Mid- 
dle of which the San reſides. Let EF be a Portion 
of the Orb of Jupiter; in which let Jupiter be in 
Y, who keeps in the Middle of the Orbits of his 
four Artendants. Theſe Satellits or Moons, when 
they deſcribe the inferior Parrs of their Orbits LMN, 
ſeen from the Earth or Sun, will appear to have a 
Motion Weſtward ; but while they are moving 
through the ſuperior Portions G H K, we obſerve 
them to move Eaſtward, according to their true 
Motions. Now when their viſible Motion is Eaſt- 
ward, they are twice hid from us; once in O be- 
hind the Body of Jupiter, that is, in the right Line 
which joins the Centers of the Earth and Jupiter; 
and again they vaniſh and become inviſible, when 
they fall into the Shadow of Jupiter, or are in the 
right Line which joins the Centers of the Sun and 
Jupiter; and then they ſuffer Eclipſes, which is al- 
ways when they are at cheir Full, as ſeen from Fu- 
piter : Theſe Eclipſes happening in the ſame Man- 
ner as they do to our Moor, by the Interpoſition of 
the Earth between the Sun and it. | 

WHEN Fupiter is to the Eaſt of the Sun, and 


is ſeen in the Evening after Sun-ſetting ; that is, 


when the Earth is in A, they are firſt hid behind 
Tupiter, 
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Jupiter, becauſe of their viſible Conjunction with Lecture 
Fupiter, before they fall into his Shadow ; and their XVI. 
ſecond diſappearing is in the Eclipſe, upon their woe 
entring the Shadow. But when Jupiter is more 

Weſterly than the Sun, as he appears after Conjunc- 

tion, when he is only ſeen in the Morning; that is, 

when the Earth is about B, then they fall into Ju- 


piter's Shadow at V,and are eclipſed, before they are 


hid behind his Body in P. Bur when theſe Moons 
have a retrograde Motion, that is, when they are 
ſeen to go Weſtward, and deſcribe the inferior Parts 
of their Orbits, then they only once diſappear in Q , 
when they cannot be diſtinguiſhed from the Body 
of Jupiter: But when the Satellits, ſeen from the 
Sun, are in their inferior Conjunction with Jupiter, 
or as ſeen from Jupiter, they are in Conjunttion with 
the Sun, their Shadows will fall upon Fupiter, and 
ſome Part of the Disk of Jupiter will be in an 
Eclipſe, and a Spectator within the Shadow would 
obſerve a total Eclipſe of the Sun. We have already 
given the Diſtances and Periods of all the Jo 
and Saturnian Moons, at the End of our third 
Lecture. | 
By the Motions and Eclipſes of theſe Moors, the he Parallix 
Parallax of the annual Orb in Jupiter, and his Di- V be annual 
{tance from the San, may be eaſily known. For, 9% —__ 
ler POR be the Orbit of any Satellit; for Example Jupiter from 
the outermoſt ; and ſuppoſe the Earth in the Point tbe Sun, ge- 
of its Orbit A, the Time muſt be obſerved when anc T. 
the Satellit lies hid behind Jupiters Body in O: 4 
For which Purpoſe the Moment of Time muſt be 
carefully mark'd when he firſt diſappears, and then 
alſo the Moment he becomes again viſible; the mid- 
dle Moment between theſe two, is the Time when 
the Satellit is in O, or in the Line which paſles 
through the Centers of the Earth and Jupiter. After 
the ſame Manner obſerve when the Satellit is in the 
middle of an Eclipſe, or in the middle of Jupiter's 
Shadow, that is, when it is in V ; by this means we 
ſhall have the Time it takes to deſcribe the Arch OV. 
And becauſe his Motion 2 N Jupiter is equable, 


4 and 
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Lecture and his periodical Time known, we can from thence 


XVI. 


find out the Arch OV; for this Planet revolves 


about Fupitey in 402 Hours. Let us ſuppoſe the 


Whether 
Light be 
propagated 
in an In- 
fant, or in 
Time ? 


Time he takes to move from O to V be 12 Hours; 
ſay, As 402 Hours are to 12 Hours, ſo are 360 De- 
grees to a fourth Quantity, which will be found to be 
10 Degrees 44 Minutes. And therefore the Arch 
OV is 10 Degrees 44 Minutes. But this Arch 
OV is the Meaſure of the. Angle O & V, or of 
the Angle which is equal to it A S; and the 
Arch which meaſures this Angle is the Parallax 
of the annual Orb, which therefore is known. In 
the Triangle therefore AY S we have the Angle at 
, and alſo the Angle at A the Elongation of Ju- 
piter from the Sun, which may be had either by a 
Calculation from Aſtronomical Tables, or by Ob- 
ſervation. Beſides, we have the Side AS, the Di- 
ſtance of the Earth from the Sun, which we aſſume 
to conſiſt of 100000 Parts. Since therefore in this 
Triangle we have all the Angles and one Side, by 
Trigonometry we ſhall find the other Sides, and par- 
ticularly 8 K the Diſtance of Jupiter from the Sun; 
ſo likewiſe we may find A Y the Diſtance of Ju- 
piter from the Earth, which is always variable. But 
for the nice Determinations of theſe Diſtances, it 
may be needful to have ſeveral, and thoſe very ac- 
curate Obſervations, made by the Skilful, and taken 
by the Help of the beſt Teleſcopes. 

By the Eclipſes of Fupiter's Moons we are able 
to give a Solution of a Problem, which is the 
moſt noble and curious in natural Philoſophy, 
which cannot but raiſe our Wonder and Amaze- 
ment; that is, Whether Light be propagated to us 
in an Inſtant; or if its Motion be ſucceſſive, and 
if it takes ſome Time to arrive from the Sun, or 
any diſtant Object, to us? Now theſe Eclipſes do 
ſhew us, that there is no inſtantaneous Motion in 
Light, though it comes from the Heavens to 'us 
with a prodigious quick Motion, and incredible 
Celerity. 


For 
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For if the Motion of Light were in an In- Lecture 


ſtant, when the Earth is at I, at his greateſt Di- 


XVI. 


ſtance from Jupiter, an Aſtronomer here would Www 


obſerve an Eclipſe of a Satellit at the ſame Mo- 


ment of Time he would do, were the Earth at X This Queſti- 
at her neareſt Diſtance to Jupiter: For, accord- on determined 


ing to this Hypozheſis, Light is propagated in the 


by the Obſer- 
wation of the 


ſame Diſtance through all Spaces indefinitely, whe- Zclipſes of 
ther near, or never ſo much remote. But if Light Jupiter's 


takes up any Time for its Propagation thro' Space, 
it will ſooner paſs through a ſhorter Space than a 
greater. And therefore an Obſervator at X, be- 
ing nearer to Jupiter than one at J, by the Di- 
ſtance XT, which is almoſt equal to the Diame- 
ter of the Earth's Orbit, will ſooner obſerve the 
Eclipſe of a Satellit, than a Spectator can do at T. 
And therefore from the Difference of thoſe Times, 


which is proportional to X T the Difference of 


Diſtances, we can collect the Velocity of Light; 
and fo this Matter is in Reality. For whenever 
the Earth is at its neareſt Diſtance from Fupiter, 
the Eclipſes are found to happen ſooner than they 
do when they are obſerved from Tat a greater 
Diſtance, where they fall out ſenſibly later than 
they ought to be, according to our Aſtronomical 
Compurations. Theſe quicker and flower Returns 
of Eclipſes having been obſerved for many Years 
by Mr. Romer with much Care and Diligence, 
upon them he founded this Argument for demon- 
ſtrating the ſucceſſive Propagation of Light; and 
by them be proved, That Light, like all other 
Bodies in Motion, had a determined Degree of 
Velocity, and took a determined Time to move 
through a given Space. To which Opinion the 
moſt Part of the Aſtronomers and Philoſophers do 
now give their Aſſent. 

THe Particles therefore of Light, though their 
Minuteneſs be indefinite, and not eaſily ro be ima- 
gined, yet they have a progreſſive Rectilinear Mo- 
tion, and are not diffuſed as by the Waves of any 
Medium or Fluid. Romer determines the Velociry 
of Light to be ſuch, that it reaches us here from the 

| Sun 


OOnsS. 
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Lecture Sus in the Space of 11 Minutes: But that Diſtance 

XVI. does not ſeem to be leſs than 50000000 Miles; 

Wy w which Space Light paſles thro? in fo ſmall a Time, 

that ſo prodigious a Velocity cannot eaſily be con- 

ceived by us, which ſo much exceeds the Velo- 

city of the ſwifteſt Bodies we know. For though 

the Earth has a very quick Motion round the Sun, 

yet its Velocity, compared with the Velocity of 

Light, is no more than that of a Snail, in Com- 
pariſon of the Swifineſs of the Earth. 

The Long! FROM the Eclipſes of Fupiter's Moons, we have 

rude of H like wiſe this Advantage, that when they are ob- 


ces dctermi- 


ned by the ſerved in different Places of the Earth, the Lon- 
Obſervations tude of Places ate by ſuch Obſervations determi- 


P 4 Ee. ned. But that this Method of finding the Longitude 


may be more eaſily underſtood, we muſt firſt lay 
down ſome few Principles. 

Ir through the Poles of the Earth and any Place, 
there be drawn a great Circle upon its Surface, 
this Circle, by the Rotation of the Earth, will be 
turned round the Earth's Axis And when the 
Plane of this Circle produced paſſes thro' the Bo- 
dy of the Sun, all the Inhabitants which live under 
this Circle, wül then obſerve the San to come 
into their Meridian, and they will have Mid-day ; 
from whence this Circle has the Name of a Me- 
ridian, from the Latin Word Meridies, which ſig- 
nifies Mid-day. Now if we imagine another Me- 
ridian placed more Weſtwardly, which, with the 
former, makes an Angle of 15 Degrees, the Plane 
of this Meridian will paſs through the San one 
Hour later than the former did; and therefore, 
when the Inhabitants under this Meridian reckon 
Mid-day, the Inhabirants under the firſt will rec- 
kon one Hour after Mid-day. If there be a Me- 
ridian which makes an Angle of 30 Degrees with 

the firſt we mentioned; then, when they that live 
under this Meridian have Mid-day, thoſe that 
live under the firſt, will reckon two of the Clock 
after Mid-day; and fo for every 15 Degrees of 
the Equator which lies between the two Me- 
ridians, ſo many Hours more do they * 
a Wno 
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1 who live under the more Eaſtern» Meridian, than Lecture 


they who live under the Weſtern. And after the 


ſame Manner for every Degree of the Æquator be- 


tween Meridians, the Eaſtern People are four Mi- 
nutes ſooner in their Reckoning than the Weſtern ; 
and for every 15 Minutes of a Degree, they rec- 
kon one Minute in Time. As for Example, If 
the Arch of the Æquator between the two Meridi- 
ans conſiſts of 85 Degrees, dividing 85 by 15, the 
Quotient 54 ſhews, that under the more Eaſter/y 
Meridian they reckon the fifth Hour and 40 Mi- 
nutes, when they under the Weſtern Meridian have 
Mid-day; and when the Eaſtern People have Mid- 
day, thoſe to the Weſt will reckon their Time to 
be the ſixth Hour and 20 Minutes in the Morning; 
and the Difference between the Hours which are 
reckon'd under theſe two Meridians, will always 
be 53, if the Arch of the Æquator intercepted be- 
tween them be 85 Degrees. 

ON the contrary, having the Difference of the 
Hours which are reckon'd under two different Me- 
ridians for the ſame Moment of Time, we ſhall 
by this Difference find the Arch of the Aquator 
intercepted between them; which Arch is called 
the Difference of Longitude of the Places under 
thoſe Meridians, when the Longitudes are com- 
puted from one fixed and ſettled Meridian, which 
is called the firſ® Meridian: And this Arch is 
found by multiplying the Difference of the Hours 
by 15, and the Product ſhews the Degrees. So 
likewiſe, if the Minutes of Time be multiplied 
by 15, and the Product, if it exceed 60, be di- 
vided by 60, the Quotient and Reſidue will give 
the Degrees and Minutes that are further to be 
added to the former, and which make up the Dif- 
ference of Longitude of Places. For Example, 
Suppoſe the Difference of the Hours to be 7 and 
22 Minutes; 7 multiplied by 15 is 105, and 22 
by 15 is 330 Minutes; which divided by 60, gives 
12 30 Minutes: And therefore the whole 

ifference of Longitude is 110 Degrees 30 Mi- 


nutes. Theſe Things being noted, 
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Lecture IF in two different Places the Beginning of an 
XVI. Ecliple of any of Fupiter's Moons be obſerved, and 
WWW the Times marked when this Beginning happened; 
according to the Times of the reſpective Places, 
the Difference of Hours, converted into Degrees 
and Minutes of the /Equator, will ſhew the Dif- 

ference of Longitude 8 thoſe Places. 

Ir we had Ephemerides of the Motions and Ec- 
liples of Fupiter's Moons, accurately computed for 
any Meridian; inſtead of an Obſervation in ano- 

ther Place, we might conſult the Ephemerides, 
which tell when the Eclipſe is to be obſerved in 
that Place; and we might take from them the 
Hours and Minutes when the Eclipſe happens in 
that Place; and this Time, compared with the 
Time the Eclipſe is obſerved in any other Place, 
will give the Difterence of Times in thoſe two 
Places: And from thence we can find out the Dit- 
ference of their Longitudes, as before. The Lon- 
giiude of Places may likewiſe be found by Obſer- 
va ions of Eclipſes of the Moon, or the Appulſes 
of the Noon to the fixed Stars, obſerved from ſeve- 
ral Places: Bur theſe are Appearances that are more 
ſeldom to be obſerved, than are the Eclipſes of the 

Satellits of Fupiter. | 
Upen Land UpoN Land and firm Ground the Eclipſes are 
wo 98 ealily obſerved; and if they could be as eaſily ob- 
7 ſerved at Sea, the Art of Navigation would be 
tbe Longi- brought almoſt to Perfection, and liable to no Er- 
des found, rors in Computation; but at Seafthe Motion and 
Sa Toſſings of the Ship render all Obſervations of 
ſuch Eclipſes impracticable. And therefore, if any 
could find a Method for determining rhe Longi- 
tude of a Ship at Sea at any Time, he would then 
oblige the Seamen with a Diſcovery, by them 
more deſired than any thing elſe in Navigation; 
and which would be ſo uſeful to the Publick, 
that the Parliament hath thought fir to allow a 
large Reward of 20000 Pounds to the Dicoverer. 
Upon which many, tempted by ſo great a Re- 


= ward, have ſpent much Labour and Thought, 


to make the Diſcovery, but to no Purpoſe: For 
no 
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ho Man bas hitherto been able to lay hold on the Lecture 
Reward, though they have propoſed many dif- XVII. 
ferent Methods and Ways of attaining it. Many 
being much in love with their own Inventions, 
imagining that they had certainly found it, have 
demanded the Reward promiſed to the Diſcoverer ; 

but yet moſt of theſe Men have been fo ignorant, 

that they have ſcarce known what it is to find the 
Longitude. 


FF 


LECTURE Xun. 
Of COMETS. 


FADES the ordinary Planets, which are comet: are 
"a always in our Neighbourhood, and © Sw of 

= within our View, there are another — 
Sort of Planets, which may be called 

Temporary; which are conſpicuous only 

for a Seaſon, after which they again withdraw, and 

are no longer viſible. The ancient Philoſophers al- 

lowed them a Place in the heavenly Regions, and 

ranked them in Stations far above the Moon. For The Phil:»- 

Ariſtotle, Seneca, Plutarch and others teſtify, That PC Op. 

the Pythagoreans, and the whole 1:alian Set, main- 7 Comet. 

rained that a Comet was a Kind of Planet or 

wandring Star, which appeared again after a long 

Interval of Time. Hippocrates Chius was of the 

ſame Opinion, as Ariftotle informs us: The ſame 

was the Opinion! of Democritus, as we are told by 

Seneca in his Natural Queſtions, Book VII. Chap. 3. 

For, ſays he, © Democritus, the moſt curious and 

« ſubtle of all the Ancients, ſuſpected, that there 


© were many more Stars which moved, under- 


cc ſtanding by them the Comets; but he neither 
cc eſtabliſhed their Number or their Names, the 
« Courſes 


ico ASTRONOMICAL 
Lecture * Courſes of the five Planets not having as yet been 
XVII. © diſcovered.” Again, Seneca aſſures us, That Apol- 
wa lonius Myndius, one of the molt skilful Philoſophers 
in the Search of Natural Cauſes, did aſſert, That 

the Chaldeans reckon'd Comets among the other 
wandring Stars, and that they knew their Courſes. 
Apollonius himſelf maintained, That a Comet was a 

Star of its own Kind, as the Sen and Moon are, 

but that its Courſe was not yet known : That by 

its Motions it mounts very high in the Heavens, 

and only appears when it deſcends into the lower 


Part of its Orb. And Seneca hitnſelf embraces are 
this Opinion: © I cannot believe, ſays he, that a are 
cc Comet is a Fire ſuddenly kindled, but that it = me 
cc ought to be ranked among the eternal Works of ren 
c Nature. A Comet has its proper Place, and is FRF ta 
« not eaſily moved from thence; it goes its Courſe, = an) 


cc and is not extinguiſhed, but runs off from us, 
c But you will fay, if it were a wandring Star, it 
« would keep in the Zodiack: But who can ſet 
c one Boundary to all the Stars? Who can re- 
cc {train the Works of the Divinity to a narrow 
« Compaſs ? For each of thoſe Bodies, which you 
« imagine to be the only that have Motion, have 
« very different Circles; why therefore may there 
« not be ſome that have peculiar Ways of theit 
c own, wherein they recede far from the reſt ? 
« Bur that their Courſes may be known, it is ne- 
cc ceſſary to have a Collection of all the ancient 
« Obſervations about Comets; for their Appear- 
cc ances are fo rare, that their Orbits are not yet 
cc determined; nor can we as yet find if they have 
cc their Periods, and if they return again in a cer- 
cc tain Order.” At laſt he thus propheſies: * The 
cc Time will come wherein theſe Things, which 
cc are now hid from us, will be diſcovered; which 
“ Obſervation, and the Diligence of After- Ages 
« will find out; for it is not one Age that is ſuf- 
« ficient for ſo great Matters. The Time will 
«©. be when Poſterity will wonder that we were N. 
« ignorant of Things ſo plain: One will ariſe 1 


« who will demonſtrate in what Regions of gow 
«me 


* 
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en * the Comets wander, why they recede ſo far Lecture 
ol. © © from the other Planets, how great, and what XVII. 
ers 8 © fort of Bodie; they are.” 


Bor for all this, the whole Sect of Peripate- The Peripa- 

# ticks, fearing that Generations and Corruptions der. ſ«p- 

ſhould be introduced into the Heavens by p acing f. — 

the Comets in them, thruſt all the Comets down generated in 

into the ſublunary Regions, and would maintain, e Air. 

that they were nothing but a kind of Meteors. 

But the Phenomena, or the Manner theſe Comets 

appear in, will not ſuffer them to have a Place fo 

low, and ſo near to us. For it is clear that they 

are not generated in our Atmoſphere, becaule they 

are certainly far higher than it reaches: For Co- 

meets are to be ſeen at the ſame Time from diffe- 

* rent Parts of the Earth, which are at great Di- 

ſtances from one another; which cannot happen to 

any Body that reſides within our 1 which 

is not extended upwards above fifty Miles. 6 
Bur that Comets are not only above the Air, Canet: are 

but alſo beyond the Moon, is plain; becauſe Co- ber than 

x mets, ſeen from different Places, are obſerved to Koons 

= be at the ſame Diſtance from a ou Star which 

is near them. As for Example, the Comet which 

Tycho Brahe obſerved at Uraniburg, was likewiſe 

ſeen by Hagecius, at Prague in Bohemia, at the ſame 

Time, which two Places differ 6 Degrees in La- 

titude, and are nearly under the ſame Meridian; 

and both meaſured the Diſtance of this Comet 

from the Star we call the Vultur ; that is, how 

much ir was below it towards the Horizon; for 

both the Vultur and it were in the ſame Vertical 

Circle, and both Obſervators found their Diſtance 

the ſame, and conſequently they both viewed the 

Comet in the ſame Point of the Heavens; which 

could not be, unleſs it had been higher than the 

Moon. 855 a | 
LET the Circle ABG repreſent the Earth, Plate XVI. 

in which let Uraniburg be in A, and Prague at 4 * 

B: Let D be the Place of the Comet: Let F CE Ar 7. 


* A ; ftration that 
; N be the Firmament of the fixed Stars, in which let Comets are 


the Star F be the Vultur; the Place of the Comet *{2%*7 tr 


ſeen the Moons 
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Lecture ſeen from Uraniburg among the Stars is E, and 
XVII. = prog yo from _ Vultur is the Arch FE; 
A but the Comet ſeen from Prague, appears in C; 
and its Diſtance from the Vultur is he Arch FC, 
which is leſs than the Arch FE. But by Obſer- 
vation it has been found, that this Comet, ſeen 
from both theſe Places, ſeemed to be at the ſame 
Diſtance from the Vultur; and therefore the Arches 
FE and FC are equal, or rather the fame. So 
great therefore is the Diſtance of the Comet from 
the Earth, that the Arch CE vaniſheth, and 
is altogether imperceptible : But the Moon ſeen 
from theſe two Places would appear to have dif- 
ferent Diſtances from the Yultur ; and fo therefore 
would a Comet, were it as near as ſhe is: This 
Comet therefore was further diſtant off than the 
Moon. 
The true and A Comet at D ſeen from the Center of the Earth 
tbe apparent would appear in G; but from the Surface of the 
22 % Earth at Ait is obſerved in E: The firſt is called 
ſs the Comets true Place, and the ſecond its appa- 
rent Place; and the Diſtance GE between the 
true and apparent Place, is called the Parallax of 
the Comer: By it a Comet is always depreſſed 
more towards the Horizon, than it is in its true 
Is Parallax, Place. Now the Parallax of any Star is always 
equal to the Arch which meaſures the, Angle, that 
the Earth's Semidiamerer, paſling through the 
Place of the Obſervator, is ſeen under from the 
Comet; as we ſhewed before, when we treated o 
the Parallax of the Moon. | | 
Now if there be no ſenſible Parallax, the An- 
gle under which the Semidiameter of the Earth 
is ſeen from the Comet, will not be ſenſible; and 
therefore the Comets muſt needs be at a vaſt Di- 
ſtance from us, ſince the Earth ſeen from thence 
appears no bigger than a Point. 
A Way «© BY the Help only of a Thread, in a Matter of 
fnd if aCo-ſo great Nicety, we may find out if a Comet have 


met has a 


Jenfible Par- al ſenſible Paral/ax : For a Comet, juſt before it 


ala. diſappears, goes ſo ſlowly, that it ſcarce ſeems to 
move; and ir may be twice obſerved in this Man- 
ner: 

I 


"=, x * r „„ 
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extending the 


Per: Firſt, when it is very high above the Horizon, 
take any two Stars between which the Comer lies 


* 


in a right Line JE to the Horizon, which, by 
Thread directly before the Stars, 
ay be eaſily tried; afterwards, when the Comet 


approaches near to the Horizon, by extending the 


hread we muſt again try, if it ſtill keeps in a 


tight Line between the ſame two fixed Stars. Now 
if there be any ſenſible Parallax which depreſſes 


*7 the Comet, it cannot be ſeen in the fame Right 
Line as before; and therefore if it keeps the ſame 
Poſition as to thoſe Stars, it is a convincing 


Argument, that the Comet has no ſenſible Parallax, 
= and muſt therefore be at a prodigious Diſtance 
from us. We need not here fear any Error ariſin 


from Refraction, which always raiſes the Stars, an 
makes them appear more elevated above the Hori- 


Fd 
q 4 
\ 
. 
| 


zom than they are; for this Refraction equally 
affects both Comet and Stars; and therefore 
it will not change their Poſitions in reſpect of one 
another. 

A Comet may likewiſe be obſerved when it is near 
the Eaſtern Part of the Horizon, and in a right Line 
with two Szars that are both in the ſame Circle ; 
which is perpendicular to the Horizon: And after- 
wards, when the Stars riſe higher, and are not in 
the ſame vertical Circle as before, if it appear ſtill to 
be in the ſame Line with them, it can have no ſenſi- 
ble Parallax ; and therefore its Courſe muſt be very 
high in the Heavens. Bur if it ſhould be found more 
depreſſed than to appear in the right Line that joins 
the Stars, then the Comet mult needs have a Pa- 
rallax. If, while theſe Obſervarions are making, the 
Comet ſhould have a proper Motion of its own, 
there muſt be made an Allowance for that Motion, 
according to the Time between the two Obſer- 
Varions. 

As the want of a diurnal Parallax was an 
Argument for placing Comets above the Moon, ſo 
their being ſubject to the Parallax of the annual 
Orb is a convincing TO of their deſcending 

into 
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Lecture 
XVII. 
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Another 
Method for 


the ſame, 


Comets are 
22 Twwith 
the Parallax 
of the annual 
Orb, 
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Lecture into the planetary Regions; for Comets which have 

XVII. a Motion forward, according to the Order of the 

WY Signs, near the Time of their diſappearing, are all 

of them either {lower than uſual ; or even Retro- 

grade, if the Earth be between the Sun and them; 

or they are quicker than ordinary in their Motions, 

when the San is between the Earth and them: and 

they appear in Conjunction with the Sun, as the Pla- 

When a Ce- nets are obſerved to do. On the contrary, thoſe 

Rp; Jen Comets which have their proper Motions Retro- 

Sal, grade, or contrary to the Order of the Signs, are 

quicker than uſual when they begin to withdraw 

themſelves, and diſappear when the Earth is between 

the Sun and them; or elſe they ſlacken their Pace, 

and ſeem to move more ſlowly, when the Earth is 

in the oppoſite Poſition. Theſe Changes in their 

Motions ariſe from the Motion of the Earth, and 

its various Poſition, as in the Planets, who, accord- 

ing as the Motion of the Earth agrees with theirs, 

or is contrary to it, ſometimes appear to go with a 

retrograde Motion; ſometimes they go ſlower, and 
ſomerimes with a quicker Motion. 

Ir the Earth move the ſame Way as the Comet 
does, and hath an angular Motion round the Sun 
wn. mg than it, ſo that the right Lines which con- 

antly join the Earth and Comet, all converge to 
Points beyond the Comet : This Comet feen trom 
the Earth, upon the Account of his {lower Motion, 
will appear Retrograde ; but if the Motion of the 
Earth be leſs than that of the Comet, the Motion 
of the Earth takes off from the viſible Motion of 
the Comet, and then the viſible Motion of the Co- 
met ſeems to be flower. But when the Earth and 
Comer have contrary Motions, the Comet's appa- 
rent Motion is thereby accelerated. 

W infer the fame Thing from the Curvature 
of a Comet's Way; for they 2 ſeem to 
move in great Circles almoſt as long as their Mo- 
tion is ſwift. Bur at laſt, when that Part of their 
apparent Motion which ariles from the Parallax 
ot the annual Orb, bears a greater Proportion to 


their 
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their whole apparent Motion, then they uſe to devi - Lecture 
ate from moving in a great Circle; and when the XVII. 


"Earth moves one Way, they go the contrary : This WWW 


Deflection or Deviation ariſes chiefly trom the Pa- 


Fallax of the annual Orb, and exactly anſwers to 
the Quantity of the Earth's Motion. And by Ob- 


ſervation, it has been found in ſome Comets ſo great, 
as ſufficiently to prove that they have deſcended far 
below Jupiter: And in their Perigeons and Perihe- 
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lions, when they are neareſt to us, they often come 
within the Orbit of Mars, and even the Orbits of 
the inferior Planets. 


WHEN the Comets recede from the Earth, and 
approach the Sun, their Luſtre and Light is in- 


4 creaſed, although their apparent Diameters be 
» diminiſhed upon Account of their further Diſtance 


from us. 


Tux Figures of Comets are obſerved to be very e Figu#s 


rather a fiery Tail, oppo 


firſt Magnitude. But ſome Authors have given us 
an Account of others which were much greater ; 
ſuch was that which appeared in the Time of the 


Emperor Nero, which, as Seneca relates, was not 
inferior in Magnitude to the Sun itſelf. So the Co- 
met which in the Year 1652, Hevelius obſerved, 


did not ſeem to be lefs than the Mooz, though it 


had nor fo bright a Splendor ; for it had a pale and 
dim Light, and appeared with a diſmal Aſpect. 
Moſt Comets have a denſe and dark Atmoſphere 
— — their Bodies, which weakens and blunts 


the Suns Rays that fall upon it; but within it a 


pears the Kernel or ſolid Body of the Comet, which, 
when the Clouds are diſperſed, gives a ſplendid and 


brisk Light. 


Os CoMETS, 


different; for ſome of them throw forth Beams like / Comer. 
= Hair every way round them, and theſe are called 
Hairy Comets. Others _ have a long Beard, or 
ite to the Region in which 
the Sun is ſeen; and they are called Bearded, or 
Comets with Tails. Their Magnitude has alſo been 
obſerved to be very different; many of them, with- 
out their Hair, appear no bigger than Stars of the 


— 
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Lecture Cours, ſince they are at ſuch a Diſtance from 
XVII. che Earth, like all other Start, muſt have the appa- 
rent Motion round the Earth from Eaſt to Weſt 
Comets bave Which arifes only from the Rotation of the Earth 
their appe- round its Axis. But beſides this they have a real 


rent diurnal 


Motion fro and proper Motion of their own, by which they 


EaftroWeſt, are continually ſhifting their Place in the Heavens, 
and have their proper Courſes in the Celeſtial Re- 


ions. The Antients were not ignorant of ſuch a 
otion ; for they never had reckoned them among 


the wandring Stars, unleſs they had known that, 


like the Planets, they had their peculiar Courſes : 

Seneca . and obſerved that they had 

ſuch a Motion, and ſaid, that their Way was in a 

Right Line; or as the Aſtronomers uſe to ſay, in a 

great Circle. For in the ſeventh Book of his natu- 

bave Tal Queſtions, Chap. 8. he ſays, „That the Courſe 
tewiſe a © of a Comet is eaſy and quiet, that it takes a de- 
proper Mo- « termined Way: That Comets do not proceed in 
191 of ei & a confuſed and tumultuous Manner, as ſome be- 
<« lieve, nor are they driven by turbulent and un- 
certain Cauſes.” In his 29th Chap. he mentions 

two Comets, one of which, in the Space of fux 
Months, paſſed thro* one half of the Heavens. Ano- 

ther, in the Time of the Emperor Claudius, was 

firſt obſerved towards the North, which by Degrees 


aroſe directly higher and higher, till it quite diſap- A 


peared. 
The M:thed By the means of a Celeſtial Globe, in whoſe Sur- 


ef finding face the Stars are rightly placed and painted, by a 


8 Mechanical Method, the Way of a Comet may be 


eaſily traced in the Heavens. Let there be every 

Day obſerved four Stars which are round the Comet, 

and let them be ſuch as the Comet may be in the right 

Lines which joins the two oppoſite Stars; which 

may eaſily be found out by the means of a Thread 

placed before the Eye, and extended over- againſt the 

Plate XVI. Stars and Comet: For Example, let the Comet's 
Fig. 2. Place be A, between the four Stars B, C, D, E, ſo 
that the Line joining the Stars B and D, may paſs 

thro' the Body of the Comet; and fo likewiſe the 

Line 
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1. e paſſing thro' the Stars C and E. And there- Lecture 
Fore upon a Globe, in which are marked theſe four XVII. 


Stars in their proper Places, extend one Thread 
fro” the Stars B and D, and another thro' the Srars 
E; and the Interſection of the Threads will give 
u the Place of the Comet. If this be daily done, 
d the Place of the Comet be every Day taken, 
this means we ſhall manifeſtly find out the 
ourſe a Comet takes in the Heavens, which will 


be found to be a great Circle; for all the Points 


thus mark'd will be found to fall on the Periphery 


of a great Circle: And having any two Points of 
tick, and the Places of the Nodes: for it is only ob- 
# ſerving where a Thread ſtretched through the two 


4 Points cuts the Ecliptick. 
1 


ſtance from two fixed Stars, whoſe Longitudes and 


ircle, we ſhall find its Inclination to the Eclip- 


Another 
Way of do- 
ing the ſame. 


THERE 1s another Way of finding out the proper 
Courſe of a Comet, by obſerving every Day its Di- 


L atirudes are known; from which Diſtances we can 
compute the Places of the Comer ; and theſe Places 
being marked on the Surface of a Celeſtial Globe, The Curſe 
will manifeſtly ſhew that the Courſe of a Comet is in 1 
a Portion of a great Circle, excepring that the Mo- car to be 
tion of the Earth will make it appear to deviate a #” 4 1 
little from it. * 
HENCE it is manifeſt, that the Motion of a Comet The Merion 

is in a Plane, which paſſes through the Eye of the 9 Com: #: 
Spectator, or, more exactly, which paſſerh thro the ,,,,.,5:;; 
Sun; for all viſible Motion that is made in ſuch a rh the 
Plane, however it be inclined to the Ecliptick, will Oe 97 he 
always appear to be in the Periphery of a great Cir- ***: 
cle. © Moreover, the Motion of a Comet is regular 

and orderly : and the' it is unequal, yet there is a cer- 

tain exact Order obſerved in the very Inequality of 
Motion. The proper Motion of Comets is not the Their Courſes 
{ame in all; but each has irs peculiar Courſe. Some v.. 
go from the Veſt to the Eaſt, others from Eaſt to 

Weſt, contrary to the Order of the Signs, and their 

DireQion is contrary to the Way the Planets take, 


who all move from Weſt to Eaſt : All of them that 
O 3 are 


— 
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Lecture are exactly obſerved, turn Southwardt or North... 


XVII wards, with different Inclinations to the Ecliptick; 
aud they are not like the Planets to be compre- 
hended within the Zodjack, but they quickly depart 
out of it, and with various Motion paſs through all 
the Regions of the Heavens, ſome with a quicker, 
ſome a {lower Motion. The greateſt Velocity that 


any we have yet ſeen has had, was that which was 


obſerved by Regiomontanus ; which Comet moved 
in one Day fu!! forty Degrees. Some are ſwifteſt in 
the Beginning of their Appearance, and ſlacken their 
Pace as they begin to vaniſh. Others again in the 
Beginning and End of their Appearance have a ſlow 
Motion; but in the middle Iime. they are carried 
with a greater Velocity. 

Ir has been obſerved, that ſome Comets for a 
few Days before they diſappeared, did not keep 
their Conrſe exactly in a great Circle, but did 
ſomewhat deviate * it; ſo that the Angle of 
the Comet's Orbit and the Ecliptick, was found to 
be different at laſt from what it was at firſt: 
But this Deflection was only apparent, and did 
not ariſe from the real Motion of the Comet, but 
from that of the Earth, as we ſhewed in the in- 
ferior and ſuperior Planets; whoſe Diſtance and 
Inclination to the Ecliptick is various, according 
to the diffi-rerr Poſition of the Earth, whereas, if 
they were obſerved from the Sun, any one of them 
_ always appear to move in the fame great 

ircle. ; | 


Comets dewi- 
ate from a 
Courſe in a 
great Circle, 


The true ALTHOUGH the Motion of a Comet appears ta 
So _ 2 be in a great Circle, yet its true Way may be 


quite different from a Circle, and may be in very 
various and different Lines, as either a Right Line, 
an Elliptick, Parabolick, or Hyperbolick Curve; 
or it may be any other Curve deſcribed in the 
ſame Plane: For all Motions in whatever Line the 
moving Body takes, when it lies in a Plane paſ- 
ſing through the Eye, will always be obſerved to 
be performed in a great Circle. Many Philoſophers, 
and not a few Aſtrozomers, have maintained * 

9 tho 


ſcribes, 


rh. 
ick; 
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anſwers beſt to their Appearance, is a Motion in a 


rabolick or elliptical Orbir. 
Pe elliptical, they are extremely excentrick; ſo that 
tneir greater Axis bears a very conſiderable Pro- 
Portion to their leſſer; upon which Account they 


Uiffer very much trom the Plauets, which, though 


they move in elliptical Orbits; yet they are ſo little 
Zexcentrick, that they differ but a ſmall Matter from 


= Circles. 
of the Orbits of both Comets and Planets. 


Now the Sun reſides in the common Focus 
And 


AS 
* 

T. 

* 

* 
4 
ex s 
f 

4 

7 


the Comets obſerve the ſame Law in their Circula- 


tions round the Sun as the Planets do; that is, they 
move at ſuch a Rate in their Orbits, that the Line 
which joins the Sun and them, does always deſcribe 
Areas or Spaces proportional to the Times; and 
therefore upon the ſame Account as the Planets, 
they lixewiſe mult have a Gravity or Propenſion to- 
wards the Sun. | 
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x e Comets Motions are rectilinear ; but that which 1 9 
VII. 


And if their Orbit 


WHEN the Comets come to the inferior Parts of The Comets 


their Orbits, and deſcend towards the Su, or are 


when they 
| i b 72 
juſt aſcending from him then only they become z;,.* * 


vilible; afterwards departing from the Sun, and When invi- 
aſcending higher in their Orbits, they run out into l. 


far diſtant Regions, and withdraw themſelves from 
our Sight; for upon the Account of their going 
further off the Sun, the Light they receive from him 
is thereby much weakned ; and becauſe likewiſe of 
their greater Diſtance from us, their apparent Dia- 
meters become conſtantly leſs, till ar laſt they vaniſh 
into a Point, and become inviſible. In their Aphe- 
lions, whither they run out into far diſtant Regions, 


| becauſe of the great Excentricity of their Orbits, 


they have a very flow Motion; but in their Perihe- 
lions, where they come near the Sun, they move with 
a quick Pace. 

ET S be the San, APD G the elliptick Orbit 
of a Comet; TCE the Orbit of the Earth. If 
we ſhould ſuppoſe: the Semi-Axis of the Comet's 
Orbit to be 100 times greater than the Semi-Axis 
of the Earth's Orbit, or, which is the ſame, than 


O4 its 
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Lecture its mean Diſtance from the Sun, that Comet would 
XVII. not complete its Revolution in leſs than 1000 Years ; 
or the Squares of the periodical Times of the Earth 
Plate XVI. and Comet muſt be as the Cubes of their mean 
Fig-3- Dictances from the Sun; and the Comet becomes 
viſible only for that Part of its Period, wherein it 
deſcends towards the Sun, and approaches near the 
Earth, as in F; and then, after it hath paſſed its Pe- 
ribelion, conſtantly riſing higher from the Su about 
G, it will begin to vaniſh, and will not be viſible 
without a Teleſcope. If the Aphelion Diſtance be 
to the Perihelion, as 1000 is to one, the Velocity 
of a Comet in the Perihelion will bear the ſame Pro- 
portion to the Velocity at the Aphelion. For the 
Area ASB muſt be but equal to the Area PSD, 
if the Arches AB and PD be deſcribed by the Co- 
met in equal Times; and then the Arch P D muſt 
be greater than AB, in the ſame Proportion as AS 
is greater than PS. This is the Proportion of their 
abſolute Velocities. But their angular Velocities 
about the Sun are in a duplicate Proportion of theſe 
Diſtances, or as 1000000 to 1; ſo that while the 
Comet in its Peribelion deſcribes one Degree with 
its angular Motion, when it aſcends to its Aphelion 
it will deſcribe in an equal Time but the rds of 
a Degree; ſo that there it may have fo {low a Mo- 
tion, that it will require ſeveral Years before it can 
complete a Degree of angular Motion. 
The ſmall SINCE the elliptick Orbits of Comets are all 
Portion of of them very Excentrick, thoſe Portions of them 
ebe % wherein they become viſible to us, may paſs for 
— deſcribes Parabola's, For if one of the Facus's of an Ellipſe 
while it is recede infinirely from rhe other, this Foe will 
— * thereby be changed into a Parabola; as when the 
efzem:d az two Foci come together and coincide, the Ellipſis 
2 Parabela. is changed into a Circle, Now by conſidering 
that Portion of a Comet's Orbit which is near 
the Perihelion, as a Piece of a Parabola near its 
Vertex, the Calculation of their Motions becomes 
much eaſier; and upon that Hypot heſis our moſt 
$kilful Aſtronomer and Geometer Dr. Halley, has 


conſtructed 
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conſtructed and calculated a Table, by which the Lecture 
Motions of all Comets are eafily computed, and XVII. 
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the Calculations founded upon this Hypozheſis do FW WW 


exactly agree with the Obſervations made on them. 
Dr. Halley himſelf, having computed the Motions 
of ſeveral] Comets, and compared them with Obſer- 
vations made by others, has found there was ſo 


nice a Correſpondence between them, that the 


Calculation ſcarce ever differed from the Obſerva- 
tion above three Minutes. By which Examples it 
is abundantly manifeſt, that this Theory ſatisfies all 
the Appearances and Motions of Comets, with no 
leſs Exactneſs than the Motions of the Planets are 


«accounted for and foretold from the Theories we 


have of them, whoſe computed Places do ſometimes 
differ from Obſervations as much as in Comets. And 
altho' the Motions of Comets are much more un- 
equal than thoſe of the Planets, yet this Theory 
does wonderfully anſwer all their Appearances : 
And therefore ſince it is built upon the tame Laws 
as the Theory of the Planets, and the Motions of 
one governed by the ſame Phylical Cauſes as they 
of the other are; and ſince it accurately anſwers all 
Obſervarions of Aſtronomers, jt cannot but be the 
true Theory. 


ALTH9' all the Planets have their proper Mo- Many C+- 


omets have mes move 


been obſerved to hold on in a contrary Courſe, e * 


tions from I7eſt ro Eaſt, yet many 


and have been ſeen to go from Eaſt to Weſt, with 
a very great Degree of Velocity. Such was the 
Courſe of the Comet which Regiomontauus obſer- 
ved in the Year 1472, that deſcribed 40 Degrees 
of a great Circje in one Day. Hence we can 


eſt, 


8 conclude, that there are no Vortices, or Therefore 


hirlpools of fluid Matter in the Heavens, %% can be 


ne Vortices. 


which, according to the Opinion of ſome Philoſo- 
phers, carry the Planets round the Sun: For if there 
were any ſuch Whirl-pools, when the Comets 
come down and enter within the Region of the 
muſt be neceſſarily driven out of 


their Courſe by the rapid Motion of the Solar 


Yortex, as by a mighty Torrent, which near the 
Earth 
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There 1s no 
Fluid in tbe 
Heawens 
evhich bas a 
ſenſible Den- 
40. 


tiaus talk to us any more about their Vortices; for 
the Appearances of the Celeſtial Bodies are ſuch as 
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Earth is of ſuch Force, that it carries it above 


20000 Miles in an Hour: And who can think, that 
ſo rapid a Stream would not affect the Comets, and 
when they have a Motion contrary to its Motion, 
ſoon deſtroy it? For what can reſiſt ſo violent a 
Torrent of fluid Matter? Now many Comets 
have been obſerved to take a Courſe directly 
contrary to this Stream, and which perform their 
Motions with the greateſt Freedom and without 
the leaſt Reſiſtance, juſt after the ſame Manner as 
they would' do in a void Space, where there is 
nothing to withſtand them. But this is plainly 
repugnant to the Nature of a Vortex; for that Me- 
dium which can put the Planets in Motion, would 
without all Queſtion, ſet all other Bodies which 
ſwim in it a going the ſame Way. But ſince there 
is nothing like this obſerved in Comets, we . muſt 
acknowledge that in the Heavens there is no Re- 
ſiſtance, and therefore no Medium or Fluid, which 
compared with our Air hath any ſenſible Denſity : 
For our Air gives a very conſiderable Reſiſtance 
to all Bodies that move in it. | 

LET not therefore the Carteſians and Leibni- 


that we can by no means admit of them; ſo that 
they who labour to explain the Motions of the Hea- 
vens by them, do only amuſe us with Trifles and 
Impoſſibilities: and it is to no purpoſe to trouble 
ourſelves any longer with their Fancies, ſince there 
is Demonſtration againſt them. 

SINCE. the Reſiſtance of a fluid Medium ariſes 


chiefly from its Denſity, it from thence neceſſarily 


follows, that where there is no ſenſible Reſiſtance 
of the Medium, there the Medium muſt have no 
ſenſible Denſity; and therefore ſince, in the Hea- 
vens the Comets ſuffer no ſenſible Reſiſtance, but 
exert their Motions with the greateſt Freedom, as 
if they were in a perfect Void or Vacuum, there 
likewiſe the Denſity of the Medium muſt be the leaſt 
that can be, or next to Nothing. And who knows 
but the Medium in the Heavens may be ſo * 
an 
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Atmoſpheres, the Matter which is diffuſed thro” all 
the reſt of the Planetary Region, or our ſolar 


E. Syſtem, may not be ſo much as that which is con- 


tained in an Inch of our common Air. For this 
we have demonſtrated to be poſſible in our Phyſi- 
cal Lectures. 


203 
and fine, that if you except the Planets, and their Lecture 


XVII. 


TE Philoſophers after this need trouble us no 4 Vacuum 
longer with their Metaphyſical Quirks againſt as lr, is 


Vacuum; for they ſeem to be very like the Quibbles 
of the antient Sophiſts againſt the Poſſibility of Mo- 
tion: And as Diogenes confuted thoſe Sophiſts by 
rifing and walking, ſo we may anſwer the Carte- 


ſiaus by bidding them look up into the Heavens; 


and there, notwithſtanding their nice and ſubtle 


rs g eder they will find, from the Appearances 
and Motions thete obſerved, a manifeſt Demonſtra- 


tion for the Neceſlity of a Vacuum. 


Few Comets have been obſerved before their 7 Toile of 


Deſcent to the San, and their Return from their 
Perihelion. For before they have been conſidera- 
bly heated in the Neighbourhood of the Sun, they 
ſcarcely project a Tail to make them remarkable: 
But after they have been well heated in their Peri- 
heljon, then they generally ſend forth a large ſhi- 
ning and fiery Tail, which ſeems. to conſiſt of a 
very fine, rare and luminous Matter, which is at- 
tenuated by the great Heat of the Sun, and pro- 
jected with an immenſe Force from the Body of 
the Comet. The Cauſe of this Projection perhaps 
may be very like that whereby a great Quantity 
of fine lucid Vapour was lately thrown out from 
the Earth, to an immenſe Height above the Air, ſo 
that it was viſible through the greateſt Part of Eu- 
rope; and in Figure and Luſtre. looked very like 
the Tails of Comets, but the Matter being ſpent, 
it ſoon vaniſhed, 


ome 


IT is very remarkable, that all Comets have their The Tails of 
Tails in Oppoſition to the Sn; that is, if the Sun Comets al- 


To op po= 


be in the Weſt, the Tail is projected Eaſtward; or 8 
if the Sum be in the Eaſt, the Tail looks Veſt- Sun. 


ward; at Midnight the Direction of the Tail is to 


the 


„„ * 
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Lecture the North. Theſe Tails grow bigger as they de- 
XVII. ſcend to the Sun, and at the Perihelious they are 
A biggeſt; and as they go further off from the Sun, 


—_— mn— —_— —— . — — 
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and cool by Degrees, the Tail leſſens, till ar laſt it 
is contracted within the Comet's Armoſphere. 

CoMETs which have ſhort Tails, do not throw 
forth the Matter of them with a very quick Mo- 
tion, in a continual Stream from their Bodies; 
for then they would ſoon be diſſipated and vaniſh :; 
but theſe Tails ſeem to be rather permanent and 
fixed Columns of Vapour and Exhalations, which 
being propagated from the Body with a ſlow Mo- 
tion upwards, and retaining ſtill the Motion 
which they had impreſſed in them to go along with 
the Comet, they jt 


till continue to move on with 
the Body through the Celeſtial Regions. From 
hence we may likewiſe conclude, that in the Hea- 
vens there is no Reſiſtance; for in them not 
only the ſolid Bodies of Planets move, but alſo 
the thin and fine Vapours which ariſe from Co- 
mets feel no Reſiſtance ; but move with the great- 
eſt Freedom, and for a long time preſerve their 
Motions. 

THE great Comet which appeared in the Year 
1680, after its Departure from the Perihelion, 
projected ſuch a Tail as extended itſelf more 
than forty Degrees in the Heavens; nor can this 
be a Wonder, for it was ſo near the Sun, that 
its Diſtance from his Surface at the Peribelion 
was bur a fixth Part of the Diameter of the Sun's 
Body; and therefore the Sun ſeen from the Body 
of the Comet, would appear to fill the greateſt Part 
of the Heaven, and its apparent Diameter would 
not be leſs than 120 Degrees ; and therefore the 
Heat it received from thence muſt be prodigiouſly 
intenſe beyond Imagination; for it exceeded above 
zooo times the Heat of red hot Iron. And 
therefore we muſt allow, that the Bodies of Co- 
mets, which can bear ſo great a Heat, muſt be very 
denſe, hard and durable Bodies: For if they were 
nothing but Vapours and Exhalations raiſed from 
the Earth and Planets, as ſome have dreamt, this 
Comet, 
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Comet, at ſo near an Approach to the Sun, muſt Lecture 
— been quite Jeftroy'd and diſſipated. XVIII. 
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LECTURE XVIII. 


The Spherical Doctrine, or, Of the Cir- 
cles of the Sphere. 


Spectator will likewiſe obſerve, that all the Hea- 

venly Bodies perform their Motions, whether real 7 is no Mar- 
or apparent, in this Surface. Now ſince the Di- #7 whether 
ſtance of the Earth from the Sun is but a Point, as = 2 
it were, in Compariſon of the immenſe Diſtance of be conſidered 
the Starry Firmament, in whatever Point of its 4% 6 in the 
Orbit the Earth is placed, there will be the ſame cw * 
Proſpect of the Heavens, the ſame Poſition and 
Magnitude of the Stars and Figures of the Con- 
ſtellations, as a Spectator would obſerve, did he re- 

{ide in the Sun; and therefore it is the ſame Thi 

as to theſe Appearances, whether the Center of the 

Univerſe or Heavens, be placed in the Sun or 

Earth : And if we imagine ſeveral Circles to 

thro* the Earth, and to have its Center for theirs, 

and others parallel to them to paſs thro' the Sun, 

theſe Circles in the Heavens will ſeem to coincide, 

becauſe their Diſtance will vaniſh in reſpect of the 

immenſe Diſtance of the fixed Stars; and thoſe Cir- 

cles which are drawn thro* the Sen and Earth on 


parallel 
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A great 
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Circles. 


The Poles 
of Circles, 


Circles 
moveable 
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parallel Planes, will appear to paſs thro' the ſame 
Stars in the Heavens. 

For the better determining the Places of all 
ſort of Stars, and obſerving of their Motions, it is 
requiſite to imagine ſeveral Circles deſcribed in 


the Heavens, ſome of which are great Circles, 
others of a leſs Size. A great Circle is the greateſt 


that can be deſcribed on the Surface of the Sphere, 
and divides it into two equal Portions, and has 
likewiſe the ſame Center that the Sphere has; and 
therefore all great Circles, having che ſame Center, 
muſt cut each other into equal Portions or Semi- 
Circles. 

THe lefler Circles divide the Sphere into un- 
equal Portions, and have not the fame Center 
that the Sphere has; and they take their De- 
nomination from ſome great Circle to whom 
they are parallel, as the Equator, Horizon, or 
Ecliptick. | 

Every Circle of the Sphere hath two Poles, 
which are Points on the Surface of rhe Sphere, 


which are at equal Diſtances from all the Points 


of the Circle; and they are placed in the Surface 
where a Line from the Center perpendicular to 
the Plane of the Circle meets with the Surface 
of the Sphere, when the Line is produced both 


ways. 
Ga Circles of the Sphere depend only upon 


the Place of the Spectator, and have a Regard to 


and lanoue- hig poſition; others again are produced by Mo- 


able, 


tion: The firſt are called moveable Circles, be- 


cauſe, as the Place of the Spectator is changed, fo 
are they, and move along with him. The ſecond 
are called immovable, and are ſuppoſed to be fixed 
to the ſame Points of the Heavens. 

Tux Circles which owe their Origin to Motion, 
are chiefly the Ecliptick and Aquinoctial, and their 
Parallels. For becauſe the Earth is carried round 
the Sun in a Year, a Spectator in the Sun will ſee 
the Earth deſcribe a great Circle in the Heavens 
or Starry Firmament, which we call the Ecliptick; 
and it is the very fame Circle which we - — 

art 


n 
1] 
* 
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Motion, likewiſe in the Space of a 
ſhewed before. 
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Earth obſerve the Sun to move in * apparent Lecture 


ear, as we XVIII. 
The Ecliptick is divided into 


twelve equal Parts, which are called the twelve De Eclip- 


Houſes or Signs 
the neighbouring Conſtellations : They 2 at the 
Vernal Interſection of the Æquator and Ecliptick, 
and are reckoned from the Weſt Eaftwards, as the 
Sun ſeems to move. The firſt three Signs are Y 
8 , which ariſe from the Æquinoctial, and aſ- 
cend Northwards to the Point of the Summer Sol- 
ſtice. The next three are S N , which begin 
from Cancer, and deſcend again towards the Æqui- 
noctial, till they come to the Autumnal Interſection. 
Eo A third Ternary of Signs conſiſts of = m 2, 
whi 

Equinoctial Southward, reach the Winter Solſtice. 
VY z X make the fourth, which begin at e 
and end in the Vernal Æquinox. Each Sign is divided 
into 30 Degrees, and conſequently the whole Eclip- 
tick into 360. The Sun is always obſerved in this 
Circle, and never deviates in the leaſt from it, as 
the Planets do, which go ſometimes on one Side of 
it, ſometimes on the other, thro a Space of about 
eight Degrees; and therefore, if we imagine a broad 
Circle or Zone ot about ſixteen Degrees in Breadth, 
which. rhe Ecliptick cuts in the Middle, this will 
be the Space wherein the Planets perform all their 


Motions, and by the Greeks it is called the Zodiack, 


begin at Libra, and departing from the 


„and they have their Names from 2 4 


Parts, : 


its 


by the Latines Signiſer, or the Sign-bearer, becauſe 2 


of the Signs placed within it. 


lr we imagine an indefinite Number of great 8 on daries 
Circles to be drawn thro” the Poles of the Ecliptick, of tbe Ec- 
and interſecting of it, theſe Circles are called Se- tic 


condaries of the Ecliptick ; for by them every Star 


and Point of the Heavens are reduced to the Eclip- 
tick, and have their Places in regard to it deter- 
mined in the Heavens. For the Place of any Star 
reduced to the Ecliptick, is that Point where the 
Secondary paſſing thro' the Star interſects the Eclip- 
rick, The Arch between this Point and the Begin- 
ning of V, or the Vernal Interſection, and counted 
| | Eaſtwa rd 
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Lecture Eaftward is called the Longitude of that Star, as 
XVIII. the Arch of the Secondary between the Star and 


AA the Ecliptick is called the Latitude of that Star, 


2 Longi- and is either North or South; for the Ecliptick di- 
an 


vides the Starry Firmament into two Hemiſpheres 
1 North and South. , 
SINCE the Earth turns round its own Axis, from 
thence it comes that the Inhabitants thereof ſee 
the Heavens and all the Stars revolve round the 
Earth in the Space of twenty-four Hours from 
Eaſt to Weſt; which apparent Motion is called 
the diurnal, or daily Revolution of the Heavens, 
and was conceived to be by the Force of a moving 
Th Pri- Sphere called the Primum Mobile, or Firſt Mover, 
mum Mo- Which carried the whole Heavens round with it 
bile, about an Axis, which coincides with the Axis of the 
Earth produced, as if the Earth itſelf had no Mo- 
tion, but the Heavens were volvible. The great 
Circle which is exactly between the two Poles of 
the Earth, or at equal Diſtance from both, is called 
the Earth's Æquator; and if we imagine the Plane 
of this Circle extended or produced to the Hea- 
vens, it will there make the Celeſtial Æquinoctial 
Circle, or the Æquator in the Heavens; and all 
the Stars, and every Point of the Heavens, except 
The £qui- the two Poles, will ſeem to deſcribe by their ap- 
noial. parent Revolution either this Circle, or a leſſer par- 
allel to it; which Circles are either bigger or leſſer, 
according as the Stars which ſeem to deſcribe them, 
are more removed or nearer to the Poles. | 
THE Aquinoctial and Ecliptick being both 
great Circles, will cut each other into Semi-circles, 
and their common [Interſection will always _ 
parallel to itſelf, and will conſtantly be direct 
to the ſame Point of the Heavens; for we here 
abſtract and conſider as nothing that very ſmall 
Motion, whereby the Axis of the Earth falls back- 
ward, and this Interſection equally with it. And 
therefore, whenever the Sun is obſerved in the 
Point of the Ecliptick, where this Interſection is, 
that is, when the Earth is really in the oppoſite, the 
Sun then by this apparent diurnal Motion * 4 
ſcri 
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=Ethere being two Points of Interſection, the Sam will XVIII. 
be obſerved to revolve in the Equinoctial twice. 
1 1 every Year; that is, when he is in the two Interſec- 
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tions, Vernal and Autumnal, at which Times all the 
Innabitants of the Earth will have their Days and 
{ Nights equal; upon which Account this Circle has 


got the Name ot the Aquinoctial The Angle 
which the Ecliptick and the Æquator make at the 
Points of Interſection, is about 234 Degrees. The 


Sun leaving theſe Inte ſections by an apparent Mo- 


tion, declines every Day from the Equinoctial Cir- 
cle more and more towards the North or South, till 
he comes to che ninetieth Degree from the Interſec- 
tions, where he appcars to be 23% Degrees diſtant 
from the Equinoctial, which is his grea.eſt Declina- 
tion: For from thence he begins to return again 
towards the Fquinoctial; and therefore the two leſſer 
Circles, which the Sun at his greareſt Declination 
ſeems by his diurnal Motion to deſcribe, are called 


the Tropicks, from a Greek Word which ſignifies to . rue 
return: This, upon the North Side of the Equi- Tropicks, 


noctial, is called the Tropick of Cancer; the 
other, on the South Side, the Tropick of Capricorn. 
How this apparent Motion of the Sun, and conſtant 
Change of his Declination, ariſe from the real Motion 
of the Earth, the Sun himſelf being all the while at 
Reſt, we have already explained in our ſeventhLe@ure, 


THERE are two remarkable leſſer Circles of the Te two 


Sphere, which are parallel to the Equinoctial 
theſe are deſcribed by the apparent diurnal Motions 
of the two Poles of the Ecliptick round the Poles of 
the Equinoctial, from which they are diſtant 234 
Degrees. They are called the two polar Circles; 
this in the Northern Sphere is named the Ar@ick 
Circle, from the rwo Bears which lie near it ; the 
other Circle on the South is called the Antardick, 
or Circle oppoſite to the Ardick.” 

IF thro? the Poles of the World, or of the Equi- 


doctial, there be conceived innumerable great 


Circles to be drawn, they are called Secondaries of 
P . 


es. 
; an d lar Circ 


Secondaries 
of the Egui- 


the noc ial, 
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Lecture the Equinoctial, by the Help of which the Poſitiori 
XVIII. of every Point of the Heavens, in regard to the 
w Equinoctial, is determined, as before they were de- 
»— + termined by the Secondaries of the Ecliptick, in re- 
gard to the Ecliptick: And the right Aſcenſion of a 
The ricbe Star, or Point in the Heavens, is an Arch of the 
„ Equinoctial, between the Beginning of Aries ang 
ke oF the Point where the Secondary, paſſing thro” the 
a Star, Star, cuts the Equinoctial. The Declination of a 
Star or Point is the Arch of the Secondary inter- 
oe io between the Star and the Equinoctial, which 
is likewiſe as the Latitude either North or South, 
as the Star declines towards the North or South 
Pole : From hence theſe Secondaries are called Cir- 
cles of Declination. And the two chief of them are 
The tws the two Colures, one of which, paſling through the 
Colurzs, two Equinoctial Interſections, is called the Equinoc- 
tial Colure; and the other, which cuts the former at 
right Angles, and paſles thro” the Poles of the Eclip- 
tick, is called the Solſtitial Colure, becauſe it inter- 
ſes the Ecliptick in the Points which are at the 
greateſt Diſtance from the Æquator; to which when 
the Suz comes, he does not ſenſibly for ſome Days 
change his Declination, but ſeems to ſtand without 
approaching to, or receding from the Equinoctial; 
and therefore theſe Points are called Solſtices. 
THAT Circle. which is on the Surface of the 
Earth, exactly in the Middle between the two Poles, 
is the Earth's Æquator; and by the Production of 
it we ſhewed, that the Celeſtial EquinoCtial was 
formed. And as the Places of all the Szars in the 
Heavens are determined by their Longitude and 
Latitude, in regard to the Ecliptick and its Secon- 
daries; ſo by the terreſtrial Æquator and its Se- 
condaries, drawn thro” the Poles of the Earth, the 
Poſitions of Cities and Places upon the Surface of 
the Earth are determined according to Longirude 
The Longi- and Latitude. A Sgcondary of the Æquator, paſſing 
tudes ond thro* any Place on the Earth's Surface, is called the 
* Meridian of that Place; becauſe that when, by 
the Rotation of the Earth round its * * 
| ne 


he 
le- 


4 5 
* Phd 


on Slane of that Meridian comes to paſs thro? the Sun, Lecture 


nen the Inhabirants under this Meridian have Mid- XVI II. 
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Way. The Longitude of any City or Place is ann 
Arch of the AEquator intercepted between a certain 
Point where ſome fixed Meridian paſſes, which is 
called the firſt Meridian, and the Meridian of the 
Place. The ancient Geographers made the firſt Me- 
ridian paſs through ſome known Place, which was as 
far Weſtward as they knew, and from thence th 

reckoned the Longitude of all Places conſtantly 
# Eaſtward: Bur ſince by Navigation it has been diſ- 
covered, that there is no Place in the Earth that 


Tan te eſteemed the moſt Weſterly, fo that there is 
not another more Weſtward beyond it, this way of 
computing rhe Longitude from a firſt Meridian hath 
been generally laid alide ; and now each Geographer 
determines the Longitudes of Places in regard to the 
Longirude of the chief City of the Country where 
he dwells. The Latitude of a Place is an Arch of 
the Meridian of that Place intercepted berween the 
Place and the Equator, and is either North or 
South, as the Place lies on the North or South Side 
of the /Xquator. 2 

OF the Inhabitants of the Earth compared with 


one another, in regard to their Meridians and Paral- 


lels, ſome are called Periæci, that live under the ſame 93. Periz, 
Parallel, but in the oppoſite Semicircles of the ſame 
Meridian; both of them have the Seaſons of the 
Year the ſame, the Sun by its annual apparent Mo- 
tion coming to or receding from the Vertex of both 
Places ar the ſame Time of the Year ; bur they 
change their Turns of Night and Day, ſo that when 
it is Mid- day to the one, it is Mid-night to the other. 
Others again are called Autæci, whoſe Habitations 43. Antaci. 
lie in the ſame Scmicircle of the Meridian, but in 
oppoſite Parallels, and both of them have Mid- day 
and Mid- night at the ſame Inſtant of Time; but the 
Seaſons of the Year are different, it being Summer to 
one, when it is Winter to the other. Laſtly, there 
are the Antipodes, whoſe Habitations being ſituated e Anti- 
in both oppoſite and oppoſite Meridians, pods. 

2 bave 
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Lecture have their Feet directly oppoſite to one another in 2 


XVIII. 


Line paſſing through the Center of the Earth; and 


the) have not only their Days and Nights directly 


The five 


Zents. 


Ne Am- 


contrary, but alſo the Seaſons of the Year: When it 
is Summer in the one, it is Winter in the other Place; 
and when Mid-day in the firſt, the ſecond reckons 
Mid-night. 

Tas four leſſer Circles in the Surface of the 
Earth's Globe, which lie directly under the Circles 
of the ſame Name in the Heavens, viz. the two 
Tropicks and Polars, divide the Earth into five Por- 
tions, which are called Zones; of which the Torrid 
is that which is bounded on each Side by a Tropick, 
and was belicved by the Ancients to be not habita- 
ble, by reaſon of the violent Heats : But our modern 
Travellers and Voyagers have diſcover'd this Tract ' 
of the Earth's Surface to be the moſt fruitful and 
delightful of all, abounding not only with the Things 
that are neceflary, but ſuch likewiſe as conduce to 
the Satisfaction and Pleaſure of Life; upon which 
Account it is very well ſtored with Inhabitants. 
There are two cold Zones which the polar Circles 
comprehend; in the Middle of the one lies the Arc- 
tick Pole, of the other the Antarctick, and in them 
the Cold is fo exceſſive, that they are ſcarcely ha- 
bitable. Beſides theſe, between the Frigid and the 
Torrid Zone, on each Hand lie the two temperate 
ones; that on the North is poſſeſſed by us, the other 
our Autipodes keep. Virgil elegantly deſcribes theſe 
five Zones. 


Quinque tenent Cælum Zone, quarum una coruſco 
Semper Sole rubens, & torrida ſemper ab igne; 
Quam circum extreme dextra lavaq; trabuntur, 
Cerulea glacie concrete, atq; imbribus atris. 

Has inter mediamq; due mortalibus ægris 
Munere conceſſe Divum. 


Tux Inhabitants of the torrid Zone are called Am- 


. phiſcii, having their Meridian Shadows at different 


Times of the Year projected towards both 2 : 
| ut 
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9 . N : , 
Hut when the San comes to be Vertical to them, then Lecture 


they have no Shadow, and are Aſcii or ShadowleG, XVIII. 
2 that ſtands perpendicularly upwards having 
& Shadow at Noon. We who live in the temperate 7% Aci. 


Zones may be named Heteroſcii, having our Meri- 


* 


| Adian Shadow projected only towards one Pole through- 
out the whole Year. Bur the miſerable People of the 


two Frigid Zones are called Periſcii, becauſe the Sun The Periſcii, 


- 


not ſetting upon them, their Shadow turns quite 


round in the Space of twenty-four Hours. 


THE two Circles which we conceive to be im— 


$ moveable, and determined by their reſpect to the 
= Spectator, are the Horizon and Meridian. The Ho- 


rixon is that great Circle which any one, when he is 


- 


- 
* - 
de . = 
Pie SET = oo ADORE: GAA 5 AS ion id; 


placed in a large extended Plane, or in the open Sea 
2 obſerves, terminating or bounding his Sight every 
where round him, by which the viſible Heaven is 


diſtinguiſhed and ſeparated from the inviſible. This 


# Horizon, being diſcovered by our Senſes, is called the 


ſenſible Horizon, from which the rational Horizon. T Horizon 

parallel to it, is diſtant by the Semidiameter of the 6x 
Earth, through whole Center it palles : For the 
Aſtronomers reduce the Appearances of the Heavens 
to a ſpherical Surface, which is not concentrical to 

the Eye, but to the Earth. | 
*T1s true, thele two Horizons, produced to the 
fixed Stars, will appear to coincide into one, ſince 
the Earth, compared to the Sphere in which the Fed 
Stars appear, is but a Point; and therefore the two 
Circles, which are but a Point diſtant from each 
other, may be well conlidered as coinciding into 
one. There are two Poles of the Horizon; the one 
is the Point of the Heavens which is directly over 

the Head of the Spectator, and is called the Zenith; Zenith and 

8 1 Nadir, t/e 

the other directly oppoſite, under his Feet, is named þ,j.. f ihe 

the Nadir; and innumerable Circles, drawn thro' Horizon. 

theſe Poles to the Horizon, are ſtyled Vertical Circles 
or Azimuths. Among them there are two particu- 
larly remarkable, one of which is the Meridian, and 
the o her is the Prime Vertical; the firſt paſſes thro? 
the Poles of the Equator and the Zenith, and cuts 
| F'3 the 
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Lecture the Horiz n in the Points of North and South; the 
XVIII. other paſſing thro' the Ze ith cuts the former at 
right Angles, and marks upon the Horizon the Points 
The Vertical of Eaſt and Weſt. Theſe Circles divide the Horizon, 
er Azimuth at their InterſeCtions with it, into four Quarters, each 
Circle. of which is again ſubdivided into eight Parts; and 
conſequently the whole Horizon is divided intothirty- 
two Parts, which are called the Rhumbs or Points of 
the Compaſs. | | 
The Altitude THE Altitude or Depreſſion of any Star is an Arch 
or Depreſſion of the Vertical intercepted between the Horizon and 
of a Stat: the Star. | = 
AGAIN, the Azimuth of a Star is an Arch of 
the Horizon, intercepted between the Points of 
North or South, and the Point where the Vertical 
paſſing 1 the Star cuts the Horixon, and is 
either Eaſtery or Weſterly. The riſing or ſetting 
Amplitude of a Star is an Arch of the Horizon in- 
tercepted between the Points where the Star riſet 
or ſetteth, and the Points of Eaſt or Weſt; and 
The Ampli- this Amplitude is either North or South, according 
u. as the Star, at riſing or ſetting, is to the North or 
South of thoſe Points. | 
As in the Horizon all the Stars firſt appear and 
diſappear, ſo in the Meridian Circle they all ariſe to 
their greateſt Height or Altitude, where they are 
The Culmi- ſaid to Culminate; ſo likewiſe they are at their greateſt 
nation, Depreſſion below the Horizon, when they arrive at 
the ſame Meridian Now ſince the Meridian makes 
Right Angles both with the Aquator, and Horixon, 
it will divide the Segments of rhe Equator and all 
its Parallels, as well thoſe that lie above the Horizon 
as thoſe which are below it, into equal Portions ; 
and therefore the Time between the riſing of a Star, 
and its Culmination or Arrival at the Meridian, will 
be equal to the Time between this Culmination 
and its Setting; and becauſe the S every Day de- 
ſcribes ſome Parallel by irs apparent diurnal Motion, 
when the Sun comes to the Meridian at any Time, 
it will be then Mid-day ; and Mid-night, when he 
arrives at the ſame Meridian below the Horizon; 
and 


— — — — 
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— — U 
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kd from thence this Circle has its Name. The Lecture 
inetieth or Nonageſimal Degree is that Point of the XVIII. 
cliptick which is 90 Degrees diſtant from the ln... 
rſections of the Horizon and Ecliptick, and the 
ltitude of this Point is the Meaſure of the Angle 
pf che Horizon and Ecliptick. The Medium Cel; or 
Mid-Heaven, is that Point of the Ecliptick which 
culminates, or is in the Meridian. In the aſcending 
Signs from W to S,; the Nonageſimal Degree is to 
th the Eaſt of the Meridian, but in the deſcending Signs 
id from S to , the Nonageſimal lies Weſtward of the 23, Horizon 
| 4 Meridian. and Meri - 


Arno we have here conſidered the Horizon and 22 

f 8 Meridian as immoveable Circles, taking the apparent Ca. 
| Motion of the Heavens as real; yet if we ſpeak 
s according to Truth, and the Nature of Things, the 
> Horizon and Meridian are the only moveable Circles, 
and the Sun or a Star riſes not when it aſcends, but 
| XX when the Plane of the Horizon deſcends below it, 
| ® ſo that the Srar or Sun becomes viſible. So likewiſe 
the Stars ſet not by their own Motion, or going 
down under the Horizon, but by the Horizor's 
* aſcending and getting above them; which Motion 
of the Horizon ariſeth from the Rotation of the Earth. 
So alſo the Sun or Stars arrive at the Meridian, when 
the Plane of the Meridian of any Place, having an 

angular Motion round the Axis of the Earth, comes The univer- 
to paſs through the Bodies of the Sun or Stars. 4 * 
SINCE every Meridian finiſhes its Circulation“ 

round the Axis, or 360 Degrees in twenty-four 
Hours, it muſt. each Hour have an angular Motion 
of 15 Degrees, which is the twenty-tourth Part of 
360; and therefore, if we conceive a Circle paſſing 
| thro* the Poles, which makes an Angle of 15 De- 
- grees with the univerſal Meridian paſſing thro* the 
Sun, when by the Earth's Rotation the Plane of the 
Meridian of any Place comes to the Plane of this 
Circle after it has paſſed the univerſal Meridian; 
then the Inhabitants in that Meridian will reckon one 
Hour after Mid-day, and therefore that Circle is 
Called the Circle of the firſt Hour. In like Manner, 
bh if another Circle be conceived cutting the Equi- 
P 4 noctial 
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Lecture noctial in the thirtieth Degree from the univerſi 
XVIII. Meridian, this will be the Circle of the ſecond 
Hour; and when the Plane of the Meridian of the 
Place comes to coincide with it, it will be in that 


The Horary 
Circles, 


Plate XVI. 


Fig. 4+ 
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Place two of the Clock in the Afternoon. After 
the fame Manner, if through the Poles, and every fif- 


teen Degrees of the Æquator, we conceive Circles 
to paſs, they are called Horary Circles; and they 


will divide the AquinaCtial into twenty-four equal 
Parts, and each of them in its Order will determine 


the Hour that is to be reckoned in a Place, wen 


the Plane of the Meridian of that Place comes to 
coincide with that Circle. So, for Example, when 


the Meridian of the Place comes to the Circle 
which makes ſeventy- five Degrees with the univer- 


ſal Meridian, the Hour then counted in that Place 
will be the fifth from Noon. But when the Meri- 
dian of the Place makes an Angle of ninety Degrees 
with the Meridian paſſing through the Sun, then ir 
will be the ſixth Hour. Bur on the other Hand, if 
we ſhould imagine the Meridian of the Place to be 
immoveable, and that a Circle paſſing through the 
Poles and the Sun ſhould together with the Sun turn 
round the Avis, as. it appears to do; when the 
Plane of this Circle, in which the Sun reſides, coin- 
cides with a Circle that makes an Angle of fifteen 
Degrees with the Meridian of the Place Weſtward, 
it is then the firſt Hour after Mid-day; and the 
Circle with which the Circle paſſing through the 


Sun and Poles does then coincide, is called the Cir- 


cle of the firſit Hour. The next Circle to this, 
which makes an Angle of thirty Degrees with the 
Meridian of the Place, is the Horary Circle for 
Two of the Clock; and that which makes an 
Angle of forty-five Degrees with the Meridian of 
the Place, is the Horary Circle for Three of the 
Clock, exc. 

IN any Place of the terraqueous Globe, the 
Height of the Pole above the Horizon is equal to 
the Latitude of the Place. Let the Circle HZ Q 
be the Meridian, HO the Horizon, E CQ the 


ZEquator,. Z the Zenith, and P the Pole : The 


Eleyation 


4 g *. 
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Elevation of the Pole, or its Diſtance from the Ho- 


iron, is the Arch PO, the Latitude of the Place 
pr its Diſtance from the Aquator is Z E. And 
pecauſe the Arch P between the Pole and the 
TAEquator is a Quadrant, or fourth Part of a Circle, The Height 
and the Arch Z O, from the Zenith to the Hori. 2 og 
on is likewiſe a Quadrant, theſe two Arches Z A H ron is 
and PO muſt be equal. Take away the Arch Z P. a/way: e- 
© which is common to both, and there will remain 
the Arch Z ZE equal to the Arch PO; that is, the 
Latitude of the Place, is equal to the Altitude or 
Height of the Pole above the Horizon. | 


HENCE we' have a Method of meaſuring the 


Circumference of the whole Earth, and of know- 


217 
Lecture 
XVIII. 


WAY 


qual to the 


Latitude 
the Plact, f 


ing how many Miles it is round the Earth: For 


if. we go directly Northward till the Pole be ele- 
vated one Degree higher, and then if we meaſure 
the length of the Way we have gone Northward, 


and have the Number of Miles it contains, we ſhall 


have the Number of Miles in a Degree of a great 
Circle of the Earth's Globe; and this Number 
multiplied by 360, the Degrees in the whole Peri- 


phery, it will give the Length of the Circumference 


of the Earth in Miles. By the moſt accurate Ob- 
ſervations, the Length of a Degree is found to be 
69 Engliſh Miles, which was commonly reputed 
to be only 60 Miles. 


— — — — — 
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LECTURE XI. 
Of the Doctrine of the Sphere. 
The Right F HE Angle contained between the 
28 of E ru Aquator and the Horizon, is meaſured 
spe, T by the Arch of the Meridian A. H, 


| {0 


— 


which is the Complement of the La- 
titude to a Quadrant. And therefore 
if that Angle be right, the Latitude of the Place 
will be nothing, or the Place will be in the 
Aquator; or the Æquinoctial Circle will paſs thro' 
the Vertex of the Place, and all the Parallels of 
the Aquator will be perpendicular to the Hori- 
zon; and therefore this Poſition of the Sphere is 
calld a Right Poſition, in which all theſe*Parallels 
are cut by the Horizon into equal Portions; whence 
the Stars are as long above the Horizon, as they lie 
hid under it: Here likewiſe the Poles lie in the 
Horizon without any Elevation, as is manifeſt by 
the Figure, where the Point of the Æquinoctial 
is in the Vertex, and the Poles Pp, in the Hori- 
Plate XVI. zon. If we go from the Equator towards either 
Fig. 5. of the Poles, the Æquator will then appear to de- 


part from the Vertex or Zenith, and to come 


nearer to the Horizon, making with it an oblique 
An oblique Angle; whence ſuch a Situation is called an oblique 
—_— Poſition of the Sphere, and the Pole towards which 
Poſition of We move, doth riſe more and more above the 
the Sphere, Horizon, the nearer we approach it; its Eleva- 

tion being always equal to the Latitude of the 
Place, while the other continues as much depreſ- 
ſed below it. The Figure does clearly ſhew this 
ſort of Poſition, which we and all that live in the 
temperate Zones obtain, where the ÆEquator A, Q 
is biſected by the Horizon, as it is in a right 
| | | Sphere. 


Fig. 6. 
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Sphere : Wherefore when the Sun, by his apparent Lecture 
Diurnal Motion, deſcribes this Circle, it makes XIX. 
the Day equal to the Night; but the Parallels of... 
the Æquator, in this Oblique Poſition, are not cut 
into two equal Parts by the Horizon; but thoſe 
which are towards the elevated Pole, each of them 
have a greater Portion above than under the Ho- 
rizon: And as each Parallel is nearer the Pole, ſo 
much the larger Potion of it ſtands above the 
Horizon. But when the Diſtance of the Parallel 
from the Pole becomes leſs than the Elevation of 
the Pole, or the Latitude of the Place, then thac 
= Parallel, and all thoſe included within it, are 
wholly above the Horizon, no Part of them ever 
r under it. The contrary happens in the 
Parallels which lie. towards the depreſs'd Pole, a 
ſmaller Portion of them being above the Horizon, 
and the greater Part lying under it. And thoſe 
Parallels, which are nearer to the depreſſed Pole 
than the Latitude of the Place, remain perpetually, 
together with the Stars included within them, un- 
der the Horizon, and are never vilible ro us. 
Hence it is neceſlary, ſince the Sun each Day de- 
ſcribes by his apparent Diurnal Motion ſome Par- 
allel, that from the Vernal Æquinox to the Sum- 
mer Solſtice, the Days growing longer and longer, 
will be continually longer than the Nights; after 
the Solſtice, tho' the Days continue till the Au- 
tumnal Æquinox to be longer than the Nights, yet 
they become ſhorter and ſhorter, and at the Æqui- 
NOX, * but juſt equal the N ghts: From thence 
to the Winter Solſtice, the Days continually become 
ſhorter than the Nights, and are the ſhorteſt when 
the Sun is in that Solſtice; but as the Sun leaves 
it, they increaſe again, and in the Vernal Æquinox 
the Day is as long as the Night, 
IN an Oblique Sphere the Stars all obliquely riſe 
and fer. And as the Right Aſcenſion of a Star is 
the Arch of the Aquaror contained between the 
firſt of Aries, and that Point which comes to the 
Meridian with the Star, or that Point which in a 
Right Sphere riſes with the Star: So the mo 
ſcen- 
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XIX. firſt of Aries, and that Point of the Æquator which approach ˖ 


WY riſes together with the Star in an Oblique Sphere, 
and numbred from Weſt to Eaſt, which * 
to the Obliquity of the Sphere is various. The 
Difference between the Right and the Oblique Af. 
cenſion is called the Aſcenſional Difference. 1 

IN an Oblique Sphere there is one Parallel a2 
much diſtant from the elevated Pole, as the Place 
is from the Æquator, which is called the Circle 
of Perpetual Apparition, or the biggeſt of all thoſe 
which conſtantly appear; which is ſuch, that all 
Stars incloſed within it never either riſe or ſet; * 
though they ſometimes riſe higher, ſometimes de- 
ſcend lower towards the Horizon. Towards the 
other Pole, there is another Circle oppoſite to this, 
which is the Circle of Perpetual Occultation, within 
which all the Stars that are contained never riſe, 
but conſtantly lie hid under the Horizon, and fo 


etween 


are not to be ſeen. | 
Ir the Aquator makes no Angle with the Ho- 
rizon, but thoſe two Circles coincide; in ſuch a 
Situation the Pole and Vertex coincide, and all 
the Parallels of the Æquator become Parallels to 
A Parallel the Horizon; and ſuch a Situation is call'd a 
Sphere. Parallel Sphere, in which no fixed Stars do ever ei- 
ther riſe or ſet, but turn round in Circles par- 
plate XVI. allel to the Horizon. And when the Sun enters 
Fig. 7. the AÆquinoctial, it then glides the whole Day 
along the Horizon. When he riſes towards the 
elevared Pole, he never ſets, but makes a very 
long Day of ſix Months: But when he goes from 
the Aquinoctial towards the depreſſed Pole, he 
never riſes, and then there 'is a conſtant Night of 
{ix Months Length. This Poſition of the Sphere 
belongs only to them who live at the Pole, if any 4 
are ſo miſerable as to have ſuch a Place for their 'Y 
HFabitation. 
Climaves THe ancient Geographers divided the Earth by 
aud Paral- Climates and Parallels; for they who live under 
4. the Æquinoctial, being in a Right Sphere, have N 
their Days and Nights equal: If we remove from 1 
| | thence 3 
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hence towards either Pole, the Days in Summer Lecture 

come longer than the Nights, and the nearer we XIX. 

Pproach the Pole, the greater is the Difference. 

etween Day and Night, when the Day is at the 
TÞngeſt ; ll we come under. the Polar Circles, 

Where there is no Night at all. Hence the Geo- 

caphers did ſo divide the Earth by ſuch Parallels, 

made the longeſt Day increaſe by Quarters of 

Sn Hour; that is, each Parallel was ſo far diſtant 

om the next, that the longeſt Day in the more 

Fomote from the ALquator, was a Quarter of an 

Hour longer than that Day at the Parallel nearer 

Ro the Aquator: And therefore reckoning the AE- 

Zquator as the firſt Parallel, the ſecond Parallel paſſed 

through thoſe Parts of the Earth, where the longeſt 

Day was twelve Hours and a Quarter long. Un- 

der the third Parallel, the longeſt Day was twelve 

Hours and two Quarters. In the fourth, the long- 

= eſt Day was twelve Hours and three Quarters, 

Gc. Now two ſuch Parallels made up a Climate, 

which were therefore diſtinguiſhed by the longeſt 

Day, increaſing half an Hour from the one to the 

other. Now the Exceſs of the Solſtitial Day above 

twelve Hours may grow {till bigger, till we come 

to the Polar Circle, where the Sun not ſetting, 

makes the Day twenty-four Hours long, which is 

greater than the /Equinoctial Day of twelve Hours 

dy twenty-four half Hours, or forty eight Quar- 

ters of an Hour. From hence we gather, that the 

= Number of Climates between the Equator and 

Polar Circles muſt be twen:y-four, and the Num- 

ber of the Parallels forty-eight. | 

SF Bxcavst the Civil Year of the Ancients did 2 e? 

not keep Pace or agree with the apparent annual end ſerting 

Motion of the Sun; having the Day of the Month, Zee 

and the Year when any memorable Action fell „ 

out, it could not be from thence immediately and Helia- 

known in what Seaſon of the Year it was done. C44. 

And therefore, when the Husbandmen ſettled the 

Times for the ſeveral diſtinct Parts of their Bu- 

ſineſs, they could not point out that Time by 

a certain Day of their Falexdar; for the ſame 


Day 
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Lecture Day of the Month was not always in the ſame 
XIX. Seaſon of the Lear: But it was neceſſary to have 
wy ww more: certain Characters and Marks to diſtinguiſh 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Times; and therefore the Writers of Husbandry, 
Hiſtorians and Poets, had recourſe to the Riſings 
and Sertings of the Srars, by them to mark out 
the Times. And of theſe Riſings and Settings 
they reckoned three Sorts, vis. The Coſmical, Achro- 
nical and Heliacal. - A Star is ſaid to riſe or ſet Coſ- 
mically, which riſes or ſets when the Sun riſes; ſo 
that a Star which riſes or ſets in the Morning riſes 
or ſets Coſinicallj. A Star riſes Achronically, when 
it riſes while the Sun ſets, that is, in the Evening; 
when it is in Oppoſition to the Sun, and is viſible 
all Night. 1855 | | 
A Star riſes Heliacally, when after it has been in 
Conjunction with the Sun, and on that Account 
invilible, it comes to be ar ſuch a Diſtance from 
him, as to be ſeen in the Morning before Sun- 
riſing, when the Sun by his Apparent Motion re- 
cedes from the Star towards the Eaſt. But the 
Heliacal ſetting is when the Sun approaches ſo 
near a Star, that it hides it with his Beams, which 
keep the fainter Light of the Star from being per- 
ceived. And therefore the Heliacal riſing and ſet- 
ting is rather an Apparition and Occultation, than a 

riſing and ſetting. | | | 
ALL the fixed Stars in the Zodiack, as like- 
wiſe the ſuperior Planets, Mars, Jupiter and Sa- 
turn, riſe Heliacally in the Morning a little before 
Sum riſing, and a few Days after they have ſer 
Coſmically ; becauſe the Sun in his Apparent Mo- 
tion gets before them, moving faſter Eaſtward : But 
they ſet Heliacally in the Evening a little before 
their Achronical ſetting. But the Moon, whoſe 
Motion Eaſtward is always quicker than the Ap- 
2 Motion of the Sun, riſes Heliacally in the 
vening, after the new Moon or the Change, when 
it can be firſt diſcovered at Sus ſetting; but the 
Moon ſets Heliacally in the Morning, when the 
Moon 1s old and approaching to a Change. The 
inferior Planets, Venus and Mercury, which ſome- 
times 
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| . times ſeem to go Weſtward. from the Sun, and ſome» Lecture 
= times again have a quicker Motion than he Eaſt- XIX. 
= ward, riſe. Heliacally in the Morning when they wy 
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are Retrograde; but when they are direct in their 
Motions, they riſe Heliacally in the Evening, 
In order to obſerve the Altitude of the Sun, or any How to ob- 
tar, we uſe a moveable Quadrant E AD, with * = of 
ed Sights A, B, or a Teleſcope. placed along one be Sun, r of 
of its Sides, and a plumb Line AC hanging from Star. 
its Center. The Quadrant being placed in a Ver- 
tical Plane, muſt be turned upwards and down- 
wards, till the Rays of the Sun, paſſin rougy 
the Hole of the firſt Sight next the Center, fall 
upon the Hole of the other; or till the Sun's Image 
18. in the Focus of the Teleſcope; and then Plate Vn. 
the Quadrant being kept in this Poſition, the- 
Plumb Line or Thread, will ſhew the Arch E C, 
which meaſures the Altitude of the Sur. For pro- 
duce AC to the Zenith Z,, and let AH be an Ho- 
rizontal Line. The Angles EAB and Z A H 
are equal, being both Right; but the Angles 
BAC and Z AS are likewiſe equal, they being 
vertical to each other: Wherefore, taking away 
equal Angles, there will remain the Angle E A C 
equal to the Angle S AH. But the Arch E C mea- 
ſures the Angle E AC, and the Arch of the Ver- 
tical between the Sun and the Horizon meaſures 
the Angle SAH; and therefore, this Arch or the 
Sun's Altitude, and the Arch E C, are ſimilar or 
like Arches. But if the Height of a Star be to be 
obſerved, inſtead of the Irradiation of Beams as in 
the Sun, we mult look thro' both Sights, or the 
Teleſcope for the Star; and when we can ſee it, 
then the Thread will ſhew the Altitude of the Star. 
The Meridian Altitude of the Suu or Star is known 
by obſerving when the Altitude is greateſt ; for then 
the Sun or Star attains his greateſt Height, being 
then in the Meridian. 

THE Knowledge of the Latitude of the Place How to ob- 
is the Foundation of all Aſtronomical Obſervations, ee 
without which we can know nothing; and there- a Place. 
fore it is firſt accurately to be obtained: And be- 


cauſe 


* 


224 ASTRONOMICAL 
Lecture Cauſe we have ſhewed the Altitude of the Pole 
XIX to be always equal to the Latitude, we can beſt 
find our Latitude by obſerving the Pole's Height ; 
bur becauſe the Poe is only a Mathematical Point, 

and no ways to be perceived by our Senſes, we 

cannot find its Height by the ſame Method as we 

The Inven- did that of the Sun or Stars, And therefore we 
tien of the muſt take another Way for finding it. And firſt 
_ we mult find the Section of the Plane of the Me- 
e tidian with the Horizon, which Section is called 
the Meridian Line. This is obtained by erecting 

a Gnomon or Perpendicular upon the Horizon in or- 

der to caſt a Shadow; and at the Foot of the Gno- 

mon, at that Point which is directly under the 

Top- Point, which caſts the Shadow, there muſt be 
deſcribed a Circle, on whoſe Circumference the 

Shadow of the Top- Point may fall before Mid- day; 

and that Point of the Circumference where the 

Shadow comes, muſt be carefully marked. Again, 

after Mid- day obſerve the Point where the Shadow 

comes again to the ſame Circumference; and let 

the Arch between the two Points of the Shadow be 

biſected, or cut into equal Parts. A Line drawn 

from the Center to the Point of Biſection will be 

the Meridian Line: For the Sun before and after 
Mid-day being equally hi h, is equally diſtant 

from the Meridian, or is in two Vertical Circles, 

which make on each Side equal Angles with it. 

Place therefore the Quadrant on the Meridian Line, 

ſo that its Plane may be in the Plane of the Meri- 

dian ; and then take ſome Star near the Pole, which 

never ſets, and obſerve both its greateſt and leaſt 
PlateXVII. Altitude. Let the greateſt be S O, and the leaſt O; 
F's-2 the Difference of their Al:irudes is the Arch * 85 
the half of which PS or Ps, deducted from the 

greateſt Altitude SO, or added to the leaſt s O, 

will give P O the Altitude of the Pole above the 

Horizon, which is equal to the Latitude of 

the Place. If the Declination of the Sun be 

known, we may find out the Latitude of the Place 

in this Manner : Obſerve the Meridian Diſtance of 

the Sun from the Vertex or Zenith, which is always 
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the Complement of his Altitude; and add to this Lecture 
the Sun's Declination, when the Place and he are XIX 
on the ſame Side of the Equator ; or ſubſtract the (WW 
=X Declination.when they are on different Sides, the 
Sum or Difference is always equal to the Latitude: 
But when the Declination of the Sun is greater than 
the Latitude of the Place, which is known from the 
=X Sun's being nearer to the elevated Pole than the 


Vertex of the Place is, as it will often happen in 

the torrid Zone; then the Difference between the 

Sun's Declination and the Sun's Zenith Diſtance is 

the Place's Latitude. | 
Having once found out the Latitude of the Hu to ob- 

Place, the Obliquity of the Ecliptick, or its Incli- ſerve the 

nation to the Equator is eaſily obtained, by obſerv- way x #4 

ing about the Summer Solſtice the Sun's leaſt Di- EO? 

ſtance from the Vertex: If this Diſtance be ſub- 

ſtracted from the Latitude of the Place, when the 

Place is nearer to the Pole than the Sun is, the Re- 

mainder will ſhew the greateſt Declination of the 

Sun, which is equal to the Obliquity of the Ecliptick. 

Moſt Aſtronomers make the greateſt Declination of 

the Sun, or the Obliquity of the Ecliptick to be 

257 Degrees; but the more accurate Obſervations 

of our modern Aſtronomers ſhew it to be one Mi- 

nute leſs. | 
By the ſame Method, the Declination of the Sun How te nd 

for any Day, or that of a Star may be taken; for % Petra 

when the Sun or Star is nearer to the /Equator 3 

than the Place, take the Difference between the 

Latitude of the Place and the Meridional Diſtance 

of the Sun or Star from the Vertex, and we ſhall 

have the Declination: But if the Vertex of the Place 

lie between the Sun or Star and the Æquator, then 

the Sum of theſe two Quantities is the Declination. 
HavinG the Declination of the Sun, it is eaſy to To fnd the 

find his right Aſcenſion and Place in the Ecliptick, San: right 

by the Solution of a right angled ſpherical Triangle. cen. 


For let AQ be the Aquator, A C the Ecliptick, PlateXV11, 


S the Sun; from which let fall on the Aquator a Fis. 3. 
Circle of Declination 8 D, and then the Arch SD 


* 4 will 


e --—-® —— — 
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Lecture will be the Sun's Declination. And therefore in : 
XIX. the right-angled Triangle ASD we have SD and 


the Angle E: We can therefore from thence find 
by ſpherical Trigozometry the Arch AD, which i: 


the right Aſcenſion of the Sun, and AS, which 


gives his Place in the Ecliptick ; and likewiſe the 
Angle A SD, the Inclination of the Circle of De- 
clination, or of the Meridian with the Ecliptick. 
So likewiſe in the right-angled Triangle A $H 
we have the Side AD, which is the right Aſcen- Z 
ſion, the Angle being conſtarit and known, we 


may eaſily find the Side S D, which is the Declina- 
tion of the Point of the Ecliptick S, which comes 

to the Meridian together with D, and is then called 
the Medium Celi, or Mid-heaven ; as alſo the Angle 
ASD the Inclination of the Meridian to the Eclip- 
tick. Or laſtly, if AS the Longitude of the Point 
S be known, we can from it find its right Aſcen- 
ſion and Declination, together with the Angle DSC, 


of the Ecliptick and Meridian. 
IF the Declination of the Sun by the Method we 


rent Metin have ſhewed be daily obſerved, we can from thence 


. 
: 


collect the apparent Motion of the Sun in the Eclip- 


liptick is nut tick, which is always equal to the Motion the Earth 


really has in the ſame Time. Now, by Obſervation, 
we bad that the Sun does not move equably, or 
always with the ſame Velocity in the Ecliptick: And 
therefore the real Motion of the Earth muſt be un- 
equal, and not conſtantly the ſame; in the Summer 
Solſtices the Earth has a {lower Motion, in the Win- 
ter Time it moves quicker : And this happens, ,be- 
cauſe the Earth by its real Motion is catried in the 
Perimeter of an Euipee which has the Sun in one 
of its Foci; round which it revolves in ſuch a Man- 
ner, that a Line drawn from the Sun to the Earth, 
and by an angular Motion 82 the Earth alon 
with it, doth always ſweep or deſcribe Elliprick 
Area's or Spaces proportional to the Times in which 
they are deſcribed. 

Having the Place of the Sun in the Ecliptick, by 
the Help of it, and a good Pendulum Clock, we 
may 


[ 


{ 


. 
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By find the right Aſcenſions of all the Stars: For Lecture 


cn Purpoſe the Motion of the Clock muſt be XIX. 
juſted, that the Hand may run thro' _—— — 
; | e- To find the 


r Hours in the Time that a Star leaving the dy 
3 hh will arrive at it again; which Time is ſome- 4 * 
at ſhorter than the natural Day, becauſe of the Stars. 
ace the Sun moves thro? in the mean Time Eaſt- 
rd. The Clock being thus adjuſted, when the 
is in the Meridian, fix the Hand to the Point, 
om whence we are to begin to reckon our Time; 
d then obſerve when the Star comes to the Me- 


" RMidian, and mark the Hour and Minute that the 


and then ſhews: The Hours and Minutes deſcrib'd 
the Index, turn'd into Degrees and Minutes of 


the A quator, will give the Difference between the 


Fight Aſcenſion of the Sun and Star; which Diffe- 
Fence, being added to the right Aſcenſion of the Sun, 
Will give the right Aſcenſion of the Star. Now if 
e know the right Aſcenſion of any one Star, we 
may from it find the right Aſcenſions of all the others 
Which we ſee, by marking the Time upon the Clock 
between the arrival of the Star, whoſe right Aſcen- 
ſion we know, to the Meridian, and another Star, 


wWhoſe Aſcenſion is to be found. This Time con- 


verted into Hours and Minutes of the Æquator, 
will give the Difference of right Aſcenſions; from 
whence, by Addition, we collect the right Aſcen- 
ſion of the Star which was to be found out. 


* 


= Bur by knowing the right Aſcenſion of one Star, The righ 


the right Aſcenſions of the reſt are eaſieſt found by , 
the following Method; where there is no need of — 3 
waiting till the Stars come to the Meridian. We bew fron 


only uſe a Teleſcope, in whoſe Focus there are fixed 2e 


four Threads extended, two of which, as AB, C D. Ascen- 
cut one another at right Angles, and the other 5 he 


== two EF, GH make halt-right Angles with the for-. 


mer two, at their common Interſection O: Then 


7 the Teleſcope is to be directed to a Star, whoſe 


right Aſcenſion and Declination are known. | 
AND thenthe Teleſcope is to be conſtantly turned 


till the Star be ſeen in the Line AB, ſo as its appa- Plate xvII. 
Q 2 rent Fig. 4. 


ASTRONOMICAL 


Lecture rent diurnal Motion may be along that Line; in |: 
which Poſition the right Line AB will repreſent a 
portion of that parallel Circle the Star deſcribes, it 


being in a Parallel to its Plane: And becauſe the : 
Line CD cuts it at Right-Angles, it will repreſent 


ſome horary Circle. 


Fix then the Teleſcope very 


firm in this Situation, and mark the Time according 
to the Clock, when the Star, whoſe Aſcenſion is 


known, comes to the Line CD. Then 


again, 


obſerve any other Star with the Teleſcope, which 


will appear to move in ſome Line LK that is 
parallel to AB; and mark likewiſe the Time when 
The 
Difference of Times, between the arrival of the firſk 
Star to the horary Circle, and the coming of this 
laſt to the ſame, converted into Degrees and Mi- 
ifference of 


it comes to the horary Circle CD in 


nutes of the Equator, will give the 
their right Aſcenſions: And therefore if the right 


Aſcenſion of one of them be found, we may from 


thence collect the right Aſcenſion of the other. 
BECAUSE the Angles 


Now if we mark the Time between the coming 
to the Thread O H, and its touching the Thread 
OQ , we ſhall have the Time the Star takes to 
deſcribe the Portion QH of the Parallel. This 
Time being turned into Degrees and Minutes, will 
ive the Number of Degrees and Minutes of the 
Partion QH. Bur the Arch of the horary great 
Circle is equal to this Arch Q H. Now in unequal 
Circles the Degrees and Minutes that equal Arches 
contain are reciprocally as the Radii or ; 25 "hn 
ters of the Circles, as we ſhall ſhew hereafter. As 
the Radius therefore of the great Circle is to the 
Radius of the Parallel LK (which does not ſenſi- 
bly differ from the Radius of the known Parallel 
AB) that is, as the Radius is to the Sine of the 
Stars Diſtance from the Pole, ſo the Number of 
Degrees and Minutes in the Arch H Q of the Pa- 
rallel, to the Number of Degrees and Minutes in 
the Arch OQ of the great Circle ; which * 
WI 


QH O and Q OH are equal, 1 Z 
being each half a Right, QH will be equal to 0. 
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ill be known by the Rule of Proportion. But Lecture 
4 O is the Difference of the Declinations of the XIX. 
car which deſcribes the Parallel AB, and of thai 
; It deſcribes the Parallel LK ; therefore from 
the Declination of one of theſe Stars being known, 
ve can find the Declination of the other. And by 
chis Method the right Aſcenſions and Declinations 
of moſt Stars may be obſerved. 
= THAT in unequal Circles the Numbers of ſimi-— 
lar Parts, as Degrees and Minutes, that are in Arches 
& equal in bigneſs, are reciprocal to the Radii of the 
Circles, may be thus demonſtrated. Imagine two 
E unequal Circles, whoſe Center is C, and in them 
equal Arches BE, AF: Draw from the Center 
Cg, CE, cutting from the leſler Circle the Arch 
Ab. The Arches AD and BE will contain equa] Plate XVII. 
Numbers of Degrees and Minutes; and becauſe Fis. 5. 
AF and BE are equal, AD will be to AF as AD 
is to BE. But AD is to BE as CA is to CB; 
therefore AD will be to AF as CA is to CB. 
But AD is to AF as the Number of Degrees and 
Minutes in AD or in BE is to the Number of 
Degrees and Minutes in AF. Wherefore the Num- 
ber of Degrees and Minutes in BE is to the Num- 
ber of Degrees and Minutes in AF, as CA is to 
= CB; or in a reciprocal Proportion of the Radii of 
the Circles. Which was to be demonſtrated. | 
3g HAVING the right Aſcenſion and Declination of Having be 
a Star, its Longitude and Latitude may be found e Aſcen- 


on a 


out by the Solution of a ſpherical Triangle. Fork” * 
imagine BPQ to paſs through the Poles of the its Declina- 
Aquaror and Ecliptick; this Circle is the Solſtitial tion to find 

Colure. Let AQ be the Equinoctial, EC the T 
Ecliptick, whoſe Section with the EquinoCtial is V. rude. 

and let S be a Star, through which paſles the Circle Plate XVII. 
of Declination PS F, cutting the Equinoctial at F: Fis. * 

The Arch 7 F is the right Aſcenſion of the Star, 

and SF its Declination. Draw through the Pole 

of the Ecliptick B and the Star the Circle of Lati- 

tude BSO, meeting with the Ecliptick in O: Then 


7 O will be the Longitude of the Star, and SO 
| 2-2 its 
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Lecture its Latitude. In the ſpherical Triangle BSP, vim 
XIX. have the Side PS, which is the Complement of t. 
WAYS Declination, and the Side B P, which is equal to the 
Arch that meaſures the Inclination of the Aquato: 

and the Ecliptick: Beſides which, we have the 

Angle which is meaſured by the Arch F Q the Com. 

lement of the right Aſcenſion ; and therefore we 

ave the Angle BPS its Complement to two right and Stat 

Angles. And therefore in the Triangle B P, having two dd 2 

three of its conſtituent Parts, we may find firſt the the Ar 

Angle PBS, whoſe Meaſure is the Arch OC, and 8 12 N 

its Complement to a Quadrant is the Arch V O, gange 

which is the Longitude of the Star. We can like- _ 


wiſe from the ſame Things given find the Arch BS, 7h whe 
whoſe Complement to a Quadrant is $ O, the Lati- rg 
tude of the Star. After the ſame Method, if the FR K J 
Longitude and Latitude of a Star be known, we may 7 B f 
from thence find its right Aſcenſion and Declination. Can 
By comparing the Places of the fixed Stars, as - "es 
they were deliver'd to us by the Antients, with what _ 
they now obtain, we find that their Latitudes are P 50 
much the ſame they were formerly; but their Longi- frar 
tudes or Diſtances from the firſt of V have been 0 
found to increaſe continually: Not that the Stars FS 
have a real progreſſive Motion; but becauſe the b 5 * 


Equinoctial Points have a Motion backwards, and 5 

the Longitudes are computed from them. Tze 

Longitude of any fixed Star obſerved by the antient 

Aſtronomers, compared with the Longitude it has RR 

at preſent, ſhews the Quantity of this Regreſſion of _ 

5 Equinoctial Points to be about one Degree in 2 
ears. 

By the Method we have ſhewed, the Longitudes 
and Latitudes of the fixed Stars are found, and they Be. 
and their Places are ranked in a Catalogue; which 'Y 
being once eſtabliſhed, the Places of the Planets and 4 
Comets are eaſily known by Obſervation and Com. ' 
putation. For if the Diſtances of any Planet or 1 
Comet, from two fixed Stars of known Longitude 
and Latitude, b: taken by Obſervation, we __ by 
that Means determine the Longitude and Lati- 


rude 
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ae of the Planet or Comet in the following 2 


e Manner: 

be LET EF be a Portion of the Ecliptick, whoſe N 
pole is B; and let A and C be two Stars, whoſe Plate XV. 
he Longitudes and Latitudes are known, and P a Planet, 
vpoſe Diſtances from the ſame Stars are known b 
'e Ovpſervation. In the Triangle AB C, having A 
it and CB the Complements of the Latitudes of the 
2 RE two Stars, and the Angle ABC, whoſe Meaſure is 
the Arch EF, the Difference of Longitude of the 
3 


Ve 


Fig. 7. 


| two Stars; from thence we may find A C the Di- 
*X ſtance of the Stars, and the Angle BCA. Again, 
in the Triangle APC we have all the Sides, from 
) ; which we may find the Angle PCA; which being 
ſubſtracted from B C A, will leave the Angie BCP. 
> FX Laftly, in the Triangle BCP, we have the Sides 
| BC, CP, and the Angle PCB; from which we 
can find the Angle PBC, whoſe Meaſure is OF 
the Difference of Longitude of the Star C and the 
Planet. We can alſo find the Arch PB the Com- 
plwKkẽbement of the Latitude of the Planer. 
he; AFTER the fame Method, if we have the Di- 
XE Adfances of a Planet trom two fixed Stars, whole 
right Aſcenſions and Declinations are known, we 
may find out the right Aſcenſion and Declination 
ot that Planer. 
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LECTURE XX. 


Of the Twilight, and of the Refraftion 
of the Stars. 


— 


>SSAFDESDEs other innumerable Convenien- 
"0g? cies which we receive from the Atmo- 
DF] bere, we have this great Advantage, that 

Sas while the Sun ſhines, it makes the Face 
| of the Heavens or Firmament to appear 
lucid and bright; for if no Atmoſphere ſurrounded 
and involved the Earth, only that Part of the Hea- 
vens would appear to ſhine in which the Sun was 
placed : And a Spectator, if he ſhould turn his Back 
to the Sun, would immediately perceive it as dark 
as Night; and even in the Day-time, while the Sun 
ſhined, the leaſt Stars would be ſeen ſhining, as 
they do now in the cleareſt Night; fince in that 
Caſe there would be no Subſtance to reflect the 
Rays of the Sun to our Eyes, and all the Rays which 
do not fall upon the Surface of the Earth, paſſing 
by us, would either illuminate the Planets and Stars, 
or ſpreading themſelves out into infinite Space, 
would never be reflected back to us. | 

Bur fince there is an Atmoſphere covering the 
Earth, which is ſtrongly illuminated by the Sun, it 
reflects the Light back upon us, and makes the 
whole Heavens to ſhine; and that ſo ſtrongly, that 
by reaſon of its Splendor, it obſcures the faint Light 
of the Stars, and renders them inyilible. 


TO 


Tp 
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parted to it. But as the Sun goes ſtill lower under 
the Horizon, the leſs is the Air illuſtrated by him: 
So that when he is got as far as 18 Degrecs lower 
than the Horizon, he no longer enlightens our At- 
= moſphere, and then all that Part thereof that is over 
us becomes dark. 


Sun comes within 18 Degrees of the Horizon, he 
begins again to enlighten the Atmoſphere, and to 
diffuſe his Light through the Heavens: So that its 
# Brightneſs does ſtill increaſe, till the Sun rites 


Day and Night, is what we call the Twilight, 
which is obſerved in the Morning before the Sun's 
riſing, and at Night after his ſetting; in Latin it 
is named Crepuſculum. 


! ADL on the Surface of the Earth, in the Plane 


* 


* — 


under the Horizon. Let there likewiſe be another Plate XxIx. 
© concentrical Circle CB M in the ſame Plane, in- Fis. 1. 

& cluding that Portion of the Air that reflects the 

Sun's Beams: And ſuppoſe the Eye to be on the 
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Ir there were no Atmoſphere, the Sun imme- Lecture 
diately before his ſetting, would ſhine as briskly XX. 
as at Noon; but in a Moment, as ſoon as he is Wo 
ſet, we ſhould have the Face of the Earth in as 

great Darkneſs as it would be at Midnight: So The Cauſe 
quick a Change, and fo ſudden a paſſing from the 2 cle 
greateſt Light to the 4 7 Darkneſs, would be! 

very inconvenient to the Inhabitants of the Earth. 

But by means of the Atmoſphere it happens, that 

tho after Sun-ſetting we receive no direct Light 

from the Sun, yet we enjoy its reflected Light for 

ſome Time; ſo that the Darkneſs of the Night 

comes not ſuddenly, but by degres. For after 

the Earth by its Revolution round its Axis has 
withdrawn us from the Sight of the Sun; the 
Atmoſphere which is higher than we are, will till 

be illuminated by the Sun; fo that for a while the 

whole Heavens will have ſome of his Light im- 


So likewiſe in the Morning, as ſoon as the 


and makes full Day. This ſmall Illumination of 
the Atmoſphere, and ſtate of the Heavens berween 


To make this plainer, imagine the Circle 


of the vertical Circle in which the Sun is when 


Earth's 
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Earth's Surface at A, whoſe ſenſible Horizon is 
AN. Since no Line can be drawn to A between 


WY YN the Tangent AN and the Periphery AD, by the 


Another 
Cauſe of the 
Twilight. 


16th of the Third Element ; it is plain, that when 
the Sun is under the Horizon, no direct Rays can 
come to the Eye at A: But the Sun being in the 
Line CG, a Line may be drawn from him to C, 
fo that the Particle C may be illuminated by the 
direct Rays of the Sun; which Particles may re- 
flect thoſe Rays to A, where they may enter the 


Eye of the Spectator: And by this Means the 


Beams of the Sun's Light illuminating an innu- 
merable Multitude of Particles, may by them be 
reflected to the Spectator in A. Let the Tangent 
AB meet with the Surface of the Orb of Air that 
reflects the Light in B; and trom B draw BD, 
touching the Circle AD L in D, and let the Sun 
be in the Line BD at 8: Then the Ray SB will 
be reflected into BA, and will enter the Eye, 
becauſe of the Angle of Incidence D BE being 
equal to the Angle of Reflection ABE: And 
that will be the firſt Ray that reacheth the Eye 
in the Morning, and then the Dawning begins; or 
the laſt which falls upon the Eye ar Night, when 
the Twilight ends. For when the Sun goes lower 
down, the Particles at B can be no longer illu- 
minated. 

THE Reflection of the Atmoſphere does not 
ſeem to be the only Cauſe of the Twilight; but 
there is an Ætherial Air, or Atmoſphere, likewiſe 
round the Sun, which ſhines after the Body of the 
Sun is ſet : This Orb of the Sun's Armoſphere ri- 
ſing ſooner, and ſetting later than the Sua itſelf, 
ſhines out at Mornings and Nights in a circular 
Figure, it being a Segment of the Sun's Atmoſphere 
cut by the Horizon; and its Light is quite of 
another ſort, than that which is made by the Re- 
flection of our Atmoſphere. But the Duration of 
the Twilight that ariſes from the Sun's Atmoſphere, 
is ſhorter much than that made by the Reflection 
of the Earth's Atmoſphere, which does not end till 
the Sun comes to be 18 Degrees below the Hori- 

ZONz 


LECTURES. | 235 


zon, or thereabouts. But there can be no certain Lecture 
Bounds fixed for the Beginnings and Endings of XX. 
the Twilights; for their Lengths depend on the. 
Quantiry of Matter in the Air which 1s able to re- 

flect Light, and on the Height of the Armoſphere. 

In the Winter the Air, being condenſed by the Cold, 

is low ; and on that Account the Twi/ights are ſooner 

over. In the Summer the Air is rariſy'd by Heat, 
and therefore being higher, remains longer illumi- 

nated by the Sun, ſo that the Twilizhrs Jaſt the 
longer: Alſo the Duration of the Twilight is 
ſhorter in the Morning than at Night. We gene- 

rally reckon that the Twilight begins or ends, when 

in the Morning the Stars of the fixth Magnitude 
diſappear, or in the Evening when they firſt come 

to be ſeen; the Light of the Air before that ren- 

dring them inviſible. Riccio/us oblerved at Bo- 
nonia, that the Mn Twilight, about the Time 

of the Equinocties, laſted an Hour and 47 Minutes; 

but in the Evening two Hours, and did not end 
2 till the Sun was 20 Degrees under the Horizon: 
* 775 in Summer the Morning Twilight was three 

8 ours and 40 Minutes long; the Evening Tui- 


Þp light (ſcarcely ending till Midnight. 
vl HEN CE if we have the Time of Beginning The Height 
8 of the Twilight in the Morning, or the End of i. Br ng 
at Night, we may find the Height of the Air that d by 
reflects the Light; for then the Twilight ends, an Obſerva- 
when a Ray of Light from the Sun touches the Tu wy 
Globe of the Earth, and is by the higheſt Air re- Wight. 
flected to our Eyes: For having the Time, 
we can find the Depreſſion of the Sun below 
the Horizon, and from thence the Height of the 
Air. For let SB be a Ray of Light touching 
the Earth, which is reflected by a Particle of Air 
in its higheſt Region, in the Horizontal Line AB; 
| the Angle SBN is the Meaſure of the Depreſſion 
| of the Sun below the Horizon: And becauſe AB 
is alſo a Tangent, the Angle AED at the Center | k 
is equal to the Angle SBN; and its Half, that is, 
the Angle AE B, is equal to half S BN, or half 0 
the Depreſſion of the Sun. Suppoſe the . 
ion 


. \ 
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ſion of the Sun, at the Beginning or End of Twi- 
light, be 18 Degrees; then the Angle AEB will be 


o Degrees, which would be true, did the Ray 8B 


aſs thro* the Armoſphere without Refraction: But 

cauſe it is refracted and bent towards H, we 
muſt diminiſh the Angle AEB by a Quantity 
equal to the Horizontal Refraction, which is a- 
bove half a Degree: And therefore the true Mea- 
ſure of the Angle AEB is 83 Degrees. More- 
over, AE is to BH as the Radius is to the Exceſs 
of the Secant of the Angle AEB above the Ra- 


' - dius, that is as 100000 is to 1110. Therefore it 


the Semidiameter of the Earth be in round Num- 
bers 4000 Miles, BH the Height of the Atmoſphere, 
which reflects the Sun's Rays, will be about 44. 
Miles; for as 100000 is to 1110, fo is 4000 


to 4. 


Under tbe 
Aquator 


the Time of 


IN a right Poſition of the Sphere the Twilights 
are quickly over; becauſe the Sun deſcends con- 


tbe Twi. ſtantly nearer in a Perpendicular; but in an ob- 


light is 
fore, 


* 
laft ſome 
Months, 


The Circle 
terminating 


Twilight. 


lique Sphere they laſt longer, the Sun deſcending 
obliquely; and the more oblique the Sphere is, 
that is, the greater the Latitude of the Place is, ſo 
much longer laſt the Twilights: So that all they 
who are in above 48 Degrees Latitude, in the 
Summer, near the Solſtices, have their Atmoſphere 
illuminated the whole Night, and the Twilight 
laſts till the Sun-riſing, without any compleat 
Darkneſs. 

IN a Parallel Sphere the Twilight laſts for ſeve- 
ral Months; fo that the Inhabitants have either 
the direct or reflect Light of the Sun for almoſt all 
the Year. | 

Ir below the Horizon you conceive a Circle to 

e drawn. parallel to the Horizon, and at a Di- 
ſtance from it, equal to the Depreſſion of the Sun 
at the end of the Twilight: This leſſer Circle is 
called the Circle which terminates the Twilights ; 
for whenever the Sun by its apparent diurnal Mo- 
tion reaches this Parallel, the Morning Twilight 
begins, or the Evening ends, in whatever Parallel 
of the ZEquator the Sun is. | 

IN 
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In the Figure let HQO be the Horizon, Lecture 

Va X the Circle parallel to it, terminating the XX. 

Twilight, the Circle HZ O the Meridian, A Q a LOW II 

the Aquator. It is manifeſt that the more ob- e Arches 

lique the Equator is to the Horizon, ſo much the Zacke * 
reater are the Arches of the AEquator and its Twilight, 
arallels, intercepted between the Horizon and 

the terminating Circle VAX. The Arches QR, 

da, Ce, Gh, K, are called the Arches of the 

Twilights, becauſe they determine their Duration : 

And as each Arch has a bigger or leſs Proportion pute xrx, 

to its Circle, ſo will the Twilight, when the Sun is Fig. 2. 

in that Parallel, be longer or ſhorter. In the Cir- | 

cle bounding the Crepuſcles take any Point a, thro? 

which paſſes a Parallel ro the Æquator da; and 

through à imagine a great Circle to be drawn, as 

M a N, touching the Circle of perpetual Appa- 

rition: And ſince the Horizon likewiſe touches the 

ſame Circle, theſe two Circles will make equal 

Angles with the Equator and its Parallels; for 

the Meaſure of each Angle is the Diſtance of the 

Parallel from its great Circle. So likewiſe all the 

Arches of the Æquator and its Parallels, between 

the Horizon and the Circle Ma N are ſimilar, by 

Prop. 13, Book II. Theodoſius's Sphericks. This 

Circle M a N will either cut the bounding Circle 

VaX in two Points, or touch it in one. Let it 

firſt cut it in two Points à and h; and therefore 

the Arches of the Parallels 42, Gh are ſimilar : 

Wherefore when the Sun by its diurnal Motion 

deſcribes theſe two Parallels, the Tuil;zzhrs are 

equal; but while he deſcribes any intermediate 

Parallel as Ce, the Time of the Twilight is ſhor- 

ter; for in this Caſe CM the Arch of Twilight is 

leG than Ce, which is ſimilar to the Arch 4 a 

or G h, and Ce and d a are deſcribed by the Sun 

in equal Times. But when the Sun is in Parallels 

that are at a greater Diſtance from the Æquator 

than G h, the Twilights laſt longer; for the Twilight 

Arch IK is greater than q K, which is deſcribed by 

the Sun in the ſame Time as the Arch of the Cre- 

puſcle G h. 
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WHILE the Sun is in Parallels that are to- 
wards the elevated Pole, the Twilights do con- 


Wa ſandy grow longer, according as thoſe Parallels 


The dife- 
rent Dura- 
tion of the 
Twilights, 


approach the Poles: For the Twilight Arch op is 
longer in being deſcribed than QR, and Y U the 
ſame way is longer than op. But if the Sun de- 
ſcribe the Parallel S r, it never will meet with the 
bounding Circle, and then the Twilight laſts the 


Whole Night long. 


Hence ariſes a great Difference between the 
Increaſe of the Twilight and irs Decreaſe, and the 
Increale and Decreaſe of Days and Nights. For 
while the Sun moves from the Beginning of S 
to the firſt of pity all that Time the Days 
conſtantly decreaſe, and the Nights increaſe: But 
in the Twilight it is otherwiſe; for though the 
Twilight and Days are at the longeſt when the Sun 
is in the firſt Degree of &, and then they both 
decreaſe together; yet the Times of Twilight do 
not continually decreaſe till the Sun comes to V, 
but there is a certain Point between xx and V, to 
which when the Sun arrives, we have the ſhorteſt 
Twilight. From thence the Twilizghts will begin 
to increaſe again, and there will be one Arch of 
Twilizht, ſimilar to that when the Sun is in the 
A.quator, before he re. hes Y: And if the Sun 
ſhould go further South even beyond the Tropick, 


the Twilights would {till increaſe, although the 


Days decreaſed. And although the Days from 
the Beginning of the Sun's Entry into V do con- 
ſtantly increaſe, yet the Twilights grow ſhorter 
til the Sun comes to a Point between W and , 


in which again we have the ſhorteſt Twilight : This 
appears plain by what we are here to demonſtrate 


Plate XIX, 
Fig. 3+ 


in the next Place. 

2dly, LET the Circle MN touch the bound- 
ing Circle in one Point, which ſuppoſe to be 4, 
Fans 2 which draw the Parallel to the Æquator 
d a; | ſay, that when the Sun is in this Parallel, the 
Twilight will be the ſhorteſt of all. For becauſe 
the Arches of the Parallels intercepted between 
the Horizon and the Circle Ma N are all ſimilar, 


they 
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they will be deſcribed by the Sun in equal Times: Lecture 
But becauſe the Twilight Arches ce and gh are XX. 
greater than cm or g, the Sun will be longer in Wyo 
moving thro' the Arch c e than n, and . 

the Arch g h than g i; that is longer than in de- 

ſcribing the Arch d 4, which Arch therefore is the 

ſhorteſt Twilight. 

TRE Diſtance of that Parallel from the Equa- 7he Time of 
tor, in which is the ſhorteſt Twilight, is thus in- of _ 
veſtigated. Becauſe the Circle Ma N and the ioveirared. 
Horizon H O touch the fame Parallel, which is ; 
the Circle of perpetual Apparition, they will both 
be equally inclined to the Aquator : And there- 
fore the Angle a» T of the Aquator, and the Cir- 
cle MaN, is equal to the Angle TIS of the 
Aquator and the Horizon. Thro* the Zenith Z. 
and the Point a, draw the vertical Circle ZY a, 
cutting the Æquator in the Point T. The Sphe- 
rical F riangles anlT, TQY, are mutually equi- 
angular to each other, becauſe the Angles at à and 
Y are right; and we have ſhewed that the Angles 
at Q and » are equal; alſo the Angles at T are 
equal, being vertical to each other : Theſe Tri- 
angles then being equiangular, are alſo equilateral ; 
and therefore 'T a will be equal to T I, or to half 
the Diſtance of the bounding Circle from the Ho- 
rizon: Moreover, am is equal to Qa, by 13 Prop. 
Book II. Theod. for FR and da are parallel, and 
therefore 4 Q is equal to QT. 

IN the Spherical Triangle T Q rectangular 
at Y, we have the Side T Y half the Diſtance of 
the bounding Circle from the Horizon; as alſo 
the Angle Y QT equal to F Q 4, which mea- 
ſures the Complement of the Latirude of the Place; 
wherefore we can find Q Y, and Q 4, which is 
equal to it. From the Point d to the Æquator 
draw the Circle of Declination 4F; and in the 
Spherical Triangle 4 QF, we have 4 Q and the 
Angle Q , by which we can find the Arch 4F, the 
Declination of the Parallel of the leaſt Twilizhs 
from the Æquator, which was to be found. 


THi1s 
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THis Problem might have been ſolved by one 
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Radius: Tang. T Y :: Co-tang. Q: Sin. 

The ſame to the Sin. of 4 Q: But the Sin. of Q: Co- ſin. of 

Problem Q:: Rad.: Co-tang. Q. Therefore by the Rules 

ſolved by a f h | | . 

Fingle Ana- Of the 51% Element, the Rad. multiplied by the 

legy- Sin. of Q, will be to the Tang. of IJ into the 
Co-in. of Q, as the Radius is to the Sin. of Qd : 
But in the Right-angled Triangle Q4F, Radius 
is to the Sine of 


Q or 


be to Tang. of T Y x Co-: ſine of Q, as the 

Sine of Qto Sine of dF; and thence, ex æꝗuo, it 

will be as Radius to Tang. of T X, fo Co-line of 

Q or the Sine of the Latitude, to the Sine of the 

Diſtance of the Parallel from the Equator. Having 

the Declination of the Sun, the Time of the Be- 

pinning of the Morning Twilight, which we call 

reak of Day, or the End of the Evening Twilight, 

The Dura- is thus to be found. Let op be the Parallel of the 

ron of Twi- Jun, meeting with the bounding Circle in p; and 

— 8 draw through the Pole the Circle of Declination 

Pp. In the ſpherical Triangle PZ p we have all 

the Sides, for Z P is the Complement of the La- 

titude, Py the Complement of the Sun's Declina- 

tion, and Z p equal to the Sum of a Quadrant, and 

the Diſtance of the bounding Circle from the Ho- 

rizon Z [/+/p. From which we can find the 

Angle Z Pp, and its Complement to two Rights 

pPV: And the Arch of the Æquator, meaſuring 

this Angle, being converted into Time, will ſhew 
the Beginning or End of Twilight. 

TE TERRESTRIAL ATMOSPHERE, 
by reflecting the Sun's Beams, not only produces 
the Morning and Evening Twilight, but ir alſo 
bends and refracts the Rays of the Sun, and all 
the Stars which fall on it, and changes their Di- 
rections by propagating the Light in other Lines, 
making the apparent Places of the Stars different 
from their true Places. 

By manifold Experiments, we find that the 
Rays of à luminous 45 even of any viſible 98 

ject; 


Refrac ion 
by the At- 
moſphere. 


Q as the Sine of the Angle 2 
to the Sine 4 F; wherefore Rad. x Sine Q will 
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ea, when they fall upon a Medium or Diaphanous Lecture 
Budy, as Air or Water, of a different Denſity from XX. 
hat from whence they firſt proceeded; do not af 
erwards go directly in the fame ſtrait Lines, but 
Pre broken or bended, and propagated as if they 
Pad proceeded from another Point than they really 

id. And if the Medium on which the Rays fall be 
denſer than the firſt, they are bent towards a Line 
Perpendicular to that Surface whereon they fall, at 
Ye Point of Incidence; but if it be a Rarer Me- 
um, in their bending they recede from the Per- 
Pendicular. | 
= WE obſerve in Nature many Effects of Refrac- 

ion. A Staff, whoſe one Part is immerged in Wa- 
er and the other in the Air, appears broken; and 
hat Part which is in Water appears higher than it 
eally is. All the Stars by Refraction appear higher 
r nearer to our Vertex than they would be, were 
> Where no Air; fo that the Light might arrive to us 
> MKvichout Refraction. | 
Lr ZV be a Quadrant of a Vertical Circle in Plate XIX. 
> Khe Heavens, deſcribed from the Center of the Earth Fig. 4+ 
- ET; under which is AB, a Quadrant of a Circle on 

> Mhe Surface of the Earth, arid GH a Quadrant on 
the Surface of the Atmoſphere: And let S be an 
Star from which proceeds the Beam of Light S E, 
falling on the Surface of the Air in E. Now, ſince 
this Ray comes from the Etherial Air much rarer 
> Ethan ours, or rather from a perfect Void, and falls 
pon our Atmoſphere, which is denſe in Compariſon | 

of it; in E it will be refracted towards the Perpen- 
= Fdicular: And becauſe the upper Air is rarer than 
that which is nearer the Earth, and grows ſtil] denſer 
the nearer it is to us, this Ray of Light, as it pro- 

ceeds, will conſtantly be refracted 0 bended ; fo 
that it will arrive at our Eye in the curve Line EA: 
Suppoſe the right Line AF to touch this Circle. in 
A; according to the Direction AF, the Ray of 
Light will enter the Eye at A. And becauſe all 
Objects are ſeen in the Line according to whoſe 
Direction the Rays enter * Eye, and ſtrike * 

| the 
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Lecture the Senſorium; the Object will appear in the Line 
XX. AF, that is, in the Heavens at Q; which is nearer 
s our Vertex than the Star really is. And it may WW 
even happen, that a Star which is below the Hori- 
By Refrac- Zon may be ſeen above it. This Refraction is alſo WY 
_ an 5 the Cauſe why the two great Luminaries the Sun 
— at Hop and Moon, when one of them is above the Hori- 
be ſeen when Lon and the other below it, both may appear above 
= under the Horizon; fo that the Moon has been obſerved 
— eclipſed, when ſhe was below the Horizon and the 
Sun above it. 
Where the A STAR in the Vertex or Zenith has no Refrac- 
Refration tion, for a perpendicular Ray goes ſtrait on; but 
7: greats; the more obliquely the Ray falls upon the Surface 
loft. of the Air, ſo much the greater is the Refraction; 
ſo that the horizontal Refrattion is the greateſt of 
all. And a Star that is above 50 Degrees high has 
All theStars ſcarcely a ſenſible Refraction. In equal Altitudes 
7: 9,9! the Refractions are equal: And therefore the Sun, 
have equal Moon, and fixed Stars, at the ſame apparent Height, 
Refrattions, have all the ſame Degree of Refraction; though the 
noble Tycho Brahe, the Reſtorer of Aſtronomy, and 
firſt Obſerver of Refractions, thought otherwiſe. 
Hence, if the Refractions of the fixed Stars are 
known, we ſhall know likewiſe the RefraCtions of 
the Sun, Moon, and Planets: And it is eaſier to find 
by Obſervation the Refraction of a fixed Star than 
that of the Sun and Moon: For the Parallaxes of 
theſe Bodies not being exactly known, the Obſerva- 
tions about their Refractions will be doubtful; but 
the fixed Stars having no Parallax, all the Difference 
between their true and obſerved Places is wholly 
owing to Refraction. 
The Meth T HOSE fixed Stars, that riſe higher above the Ho- 
A e ri on than 50 Degrees, have their Declinations, right 
eve Refrace Aſcenſions, Longitudes and Latitudes accurately 
enough known ; for in ſo great an Altitude, the Re- 
Plate xIx. fraction is next to nothing. Now theſe being known, 
Fig. 5. We find the Refractions near the Horizon by the 
following Method. Let OP ZH be the Meridian, 
HO the Horizon, AQ the Æquator, P the 15 
an 
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and the Vertex Z. Let A be a Star whoſe Refrac- Lecture 


WT tion is to be found, and let Z. D be a vertical Circle XX. 


paſſing throꝰ the Star, whoſe apparent Place ſuppoſe WWW 


WT to be C; the Arch AC is the Refraction. Let the 
apparent Diſtance of the Szar from the Vertex be 


obſerved, that is the Arch Z C: And at the Time 
of the Obſervation take the Altitude of another Star, 


IE which is ſo high that it is not liable to Refraction, 


with which find out the Moment of Time the Ob- 


ſervation was made; which may alſo be known by 


a good Pendulum Clock : By this Time, and the 
right Aſcenſion of the Sun, we ſhall find the Point 
of the Æquator, which then culminates, or is in the 
Meridian, that is, the Point A. But we have alſo 
the right Aſcenſion of the Star, that is, the Point B, 
where the Circle of Declination, paſſing thro' the 
Star, meets the Æquator; and conſequently, the 
Arch AEB will be known; which is the Meaſure of 
the Angle AP A. Therefore, in the ſpherical Tri- 
angle 7p A, having Z P, rhe.Diſtance of the Pole 
from the Vertex, and PA, the Complement of the 
Star's Declination, as alſo the Angle 2p A, we find 
out by Trigonometry the Side Z A, the true Di- 
ſtance of the Star from the Vertex; from which 


ſubſtract Z C, the apparent Diſtance known by the 


Obſervation, and there will remain A C, the Refrac- 
tion of the Star, which was to be found. 

Tat Refraction may likewiſe be found by ob- Anrer 
ſerving the Azimuth of a Star, or the Arch of the 2d 
Horizon between the Meridian and the Vertical Adi. 
Circle paſſing through the Srar, that is, the Arch 
DO; for that Arch meaſures the Angle PZ A, 
from which, and the Sides PZ, P A, we may find 
Z. A, the true Diſtance of the Star from the Vertex; 
from which ſubſtract Z. C, the obſerved Diſtance, 
and we ſhall have CA, the Refraction required. 

Tg Azimuth of any Star is beſt obſerved, by 23% Mrthed 
drawing on the Plane of the Horizon the Meridian of ſerving 
Line AE; upon which, erect the Perpendicular CA, = 
which is eaſily perform'd by a Line and a Plummet : Pate XIx. 
Then take another TR wich a Weight, as * 6, 

2 an 


a * : * 2 — 
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and hang it ſo that the Body of the Star may be co- 
vered by the two Threads CA, D B, and then the 


tar will be in the Plane of a Vertical Circle, in 


When the 


Sun 1s in the 


Horizon its 
Rays paſs 
2. 


F Air than 
oben he is 
in the Ze- 
nith, 

Plate XIX, 
Fig. 7. 


which Plane the Threads do likewiſe ſtand : Mark 
then the Point B in the Plane of the Horizon, and 
in the Meridian Line, the Point A, upon which is 
erected the Thread AC: And taking in the Meri- 
dian Line any Point E, draw AB, BE; then, by 
the Help of a Scale of equal Parts, meaſure the three 
Sides of the Triangle B AE, from which by Trigo- 
nometry we ſhall find the Angle BA E, which is the 
Azimuth that was to be found. 

FROM Refraction, the Reaſon is plain why the 
Sun and Moon near the Horizon appear of an oval 
Figure; for their inferior Limbs are more refracted, 
and raiſed higher than the ſuperior Limbs are; and 
therefore, theſe two Limbs will ſeem nearer to each 
other, and the Breadth of the Bodies contracted, 
while both Ends of the horizontal Diameter being 
equally refracted and raiſed, keep the ſame Diſtance 
from one another, and its apparent Magnitude re- 
mains the ſame. 

THE Rays of the Sun, when he is in or near the 
Horizon, paſs thorough a larger Body of Air, than 
when he is near the — For let AB D be the 
Earth, E CF the Orb of Air which ſurrounds it, 


Harger Space whoſe Altitude is commonly reckon'd to be 50 


Miles. Let CA be an horizontal Ray, E A a ver- 
tical Ray: Ir is manifeſt that CA is longer than 
E A; and the Proportion of theſe Lines may be thus 
found out. Suppoſe the Semidiameter of the Earth 
in round Numbers to be 4000 Miles, and E A 50; 
then is T E CT 4050, whole Square is equal to 
the Squares of CA and AT: And therefore, it from 
the Square of CT we take away the Square of T A, 


there will remain the Square CA; that is, if from 


16402500 we ſubſtract 16000000, there will remain 
402500, which is the Square of CA, whoſe Root 
is 634: And therefore CA: AE: : 634 : 50, which 
ts greater than the Proportion of 12 to 1. Hence 
we ſee the Reaſon why without hurting our Eyes, 

whe % 
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we can look upon the Sun at riſing and ſetting : Lecture 
But in the Meridian he is not to be looked upon, XXI. 
without the Danger of hurting our Sight. For the 
Rays of the Sun in the Horizon penetrating ſo large 
a Body of Air, hit againſt an infinice Number of 
Particles ſwimming in it; and being reflected or 
abſorbed, the Force of the Light is thereby much 
weakned. Since therefore Light is ſo much weakned 
in paſſing through ſo ſmall a Space as our Atmo- 
ſphere ; it this Atmoſphere were ſo large as to reach 
the Moon, and were of the fame Denſity, neither 
Sun, Moon,. nor Stars could then be ſeen, 
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LECTURE XII. 


Of the Parallaxes of the STARS. 


cr all the apparent diurnal Motions 
ec performed uniformly round the 


Ms Axis of the Earth, and not round the 
* 7 5 Place of the Spectator, who lives 
© SALON <= 4 


4 — 4 
{254% * 3 


J upon the Earth's Surface; he who 
obſerves the Motion of the Stars 
from this Surface, mult find, that they appear to move 
with a Motion that is not equal. For, if a Body by 
its Motion deſcribes equally the Periphery of a Cir- 
cle, the Equality of Motion can be ſeen from no 
other Points than thoſe in the Axis of this Circle. 
And therefore any Star or Phenomenon, ſeen from 
the Center of the Earth, will appear in a different 
Place from what it does when obſerved from the 
Surface ; and this Difference of Place of the ſame 
Star, ſeen from the Earth's Center and viewed from 
its Surface, is called the Parallax of that Star. 
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Lecture LET AB be a Quadrant of a great Circle on the 
ö XXI. Earth's Surface, where A is the Place of the Specta- 
| | cor, and the Point V in the Heavens his Vertex or 
| Plate XX. Zenith. Let V NH repreſent the Starry Firma- 
Fig. 1. ment, the Line AD the ſenſible Horizon, in which 
ſuppoſe the Star C to be ſeen, whoſe Diſtance from 
| the Center of the Earth is T C. If this Star were 
1 obſerved from the Center T, it would appear in the 
1 Firmament in E, and elevated above the Horizon 
| by the Arch DE. This Point E is called the true 
| Place of the Phenomenon or Star : But an Obſerver, 
| viewing it from the Surface of the Earth at A, will 
obſerve its Place in the Horizon at D, which is 
| called the viſible or apparent Place of the Star: 
And the Arch DE, the Diſtance between the true 


— 


N | ml viſible Place, is named the Parallax of the 
| rar. 

| IF the Star riſe higher above the Horizon to M, 
| its true Place viſible from the Center is P; but its 


viſible Place from the Surface is N; and its Parallax 
is the Arch PN, which is leſs than the Arch DE. 
And therefore, the horizontal Parallax is greateſt of 
all Parallaxes ; and the higher the Star riſes, the leſs 
is its Parallax : And if it ſhould come to the Vertex, 
it would have no Parallax at all. For when it is in 
Q ,it is ſeen both from T and A in the ſame Line 
T AV; and there is no Difference between its true 
and viſible Place. The further a Star is diſtant 
from the Earth, ſo much the leſs is its Parallax : So 
the Parallax of the Star F is G D, which is leſs than 
the Parallax of the nearer Star C. Hence it is 
pain, that the Parallax is the Difference of the Di- 

ances of a Star from the Vertex, when ſeen from 
the Center, and from the Surface of the Earth. For 
the true Diſtance of the Star M from the Vertex is 
the Arch VP; but when obſerved from A, its viſt- 
ble Diſtance is V N. 

THESE Diſtances are meaſured by the Angles 
| VTM and VAM, contained between the Line 
4 VT drawn to the Vertex, and the Right Lines 
[ TM and AM, drawn from the Center and the 
Surface 


— SS 
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Surface of the Earth to the Star M: But the diffe- Lecture 
rence of theſe two Angles is T MA. For the exter- XXI. 
ternal Angle VAM is equal to the two inward and TG WW 
oppoſite Angles ATM and AMT: And therefore 

ATM is the Difference of the two Angles V A 

and ATM or VTM. This Angle AMT does 
therefore meaſure the Parallax ; and, upon that Ac- 
count, itſelf is frequently called the Parallax: And 
this is always the Angle under which the Semidia- 
meter of the Earth A T appears to an Eye placed in 
the Star : And therefore, where this Semidiameter 
is ſeen directly, there the Parallax is greateſt, that is, 
in the Horizon. When the Star riſes higher, the 
Parallax is diminiſhed in the Proportion we ſhall 
ſhew in the following Theorem. 

Tu Sine of the Parallax is to the Sine of the 
Star's Diſtance from the Vertex, in a conſtant and 
given Proportion; which is, as the Semidiameter of 
the Earth to the Diſtazce of the Star from the Earth's 
Center. 

For, by a well known Theorem in Trigonometry, 
in the Triangle A T M, the Sine of the Angle AM 
is to the Sine of the Angle TAM or VA M, as 
AT is to TM; that is, in the conſtant Proportion 
of the Semidiameter of the Earth to the Star's Di- 
ſtance. And therefore, the Sine of the Parallax in 
C is to the Sine of the Parallax in M, as the Sine of 
the Angle VAC is to the Sine of the Angle VAM: 
And therefore, if the Parallax of a Star be known 
when it is at any one Diſtance from the Vertex, we 
can find its Parallax at any other Diſtance from the 
Vertex. If any Star or Phænomenon be further 
diſtant from the Earth than 15000 Semidiameters of 
the Earth, its Parallax will be ſo ſmall, that it will 
be inſenſible, and cannot be obſerved : For, ſince 
TF is to TA as 15000 to 1; and, as T F is to T A, 
ſo is the Radius to the Sine of the Angle T FA. 
Hence we ſhall find the Angle T FA leſs than 14 
Seconds; which Angle is ſo ſmall, that it cannot be 
obſerved by any Inſtrument. 5 
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Lecture Ir we have the Diſtance of a Star from the 
XXI. Earth, we can eaſily find its Parallax; for, in the 
WAY Triangle T AC rectangular at A, having T A, the 
ee ha e of the Earth, and T C, the Diſtance 
of the Star, the Angle ACT, which is the hori- 
Zontal Parallax, is Found by Trigonometry : And 
again, if we have this Parallax, we can find the Di- 
ance of the Star; for, in the ſame Triangle, having 
AT and the Angle ACT, we may find out the 
Diſtance T C. | 

Ix a Star has no proper Motion of its own, its 
true Diſtance from any fixed Star, meaſured by an 
Arch of a Circle, always remains unchangeably the 
fame: But, if it have a ſenſible Parallax, its apparent 
Diſtance will be thereby changed; and, if the fixed 
Star be in the ſame Vertical with the Phenomenon, 
but higher than it, the Diſtance will appear to grow 
leſs as it riſes higher. If the Szar be Jower, as they 
aſcend, the Diſtance will increaſe; yet ſeen from the 
Center, they will appear conſtantly to keep the ſame 
Diſtance from each other: And therefore, the viſible 
Diſtances of a Phenomenon from a fixed Star which 

is near it, are not the real, but apparent ones. 
By the Par. LET there be a Phenomenon or Star appearing 
rallaxes, the in the Horizon in C: If it were obſerved from the 
+ crack 4 Center, it would be ſeen in Conjunction with the 


non from the fixed Star E. Bur the Spectator in A will fee it 
next fixed in the ſame Line with the Star D, and will be 
Star 1s con- diſtant: from the Star E by the Arch DE. But as 
fry it riſes higher into M, it will ſtill appear, from the 
Center of the Earth, in Conjunction with the ſame 
Star E, which then will appear in P. Bur from 

the Surface of the Earth in A, it will appear in N, 

nearer to the Star E than it was when in the 
Horizon ; and therefore, will not appear in Con- 

junction with the ſame Star D, as it did before; 

but wlll be diſtant from it by the Arch Nd, mak- 

ing the Arch Pd equal to E D. Hence it fol- 

lows, that if any Phenomenon always keeps the 

ſame Polition in reſpe& of the fixed Stars, and 


changes not its arcual Diſtances from them, it has 
na 
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no ſenſible Parallax. : But even likewiſe, if its Di- Lecture 
ſtance from the Stars be changed, yet if that XXI. 
Change be only ſo much as ariſes from its proper Yu 
Motion, in that Caſe likewiſe, it will haye no ſen- 
ſible Parallax. But if any Phenomenon departs 
further from a fixed Star, or comes nearer to it, 
than what it would do by its proper Motion, this 
Difference of Acceſs or Receſs is the Effect of a 
Parallax. 

TAE Parallax of a Star in a vertical Circle 
changes its Place, in regard to the other Circles of 
the Sphere; and makes its viſible Longitude, La- 
titude and Right-Aſcenſion, to be different from 
the true ones, which are ſeen from the Center: 
avs from hence ariſe four other Kinds of Paral- 

ves. 

LET HO be the Horizon, whoſe Pole is V, Plate XX. 
EQ the Ecliptick, and its Pole P, VA a vertical Fis. 2. 
Circle paſſing thro' the Star, whoſe true Place is 
C, but apparent Place D, in the ſame Vertical but 
nearer to the Horizon; ſo that the Parallax of Al- 
titude is DC. Thro' the Pole of the Ecliptick 
and the Star, draw the Circle of Latitude PCG, 
and G will be the true Place of the Star reduced 
to the Ecliptick. But a Circle of Latitude, thro” The Paral- 
the apparent Place D, will meet with the Ecliptick 3 Lon- 
in I, which will be the viſible or apparent Place“ 
of the Star in the Ecliptick : The Arch of. the 
Ecliptick G H, intercepted between the two Cir- 
cles of Latitude paſſing thro' the true and apparent 
Place, is called the Parallax of Longitude, and CN 
the Parallax of Latitude. ä 

IF the Star be in the vertical Circle, which cuts 
the Ecliptick in the goth Degree from the Ho- 
rizon; i. e. in that Vertical which cuts the Ec- 
liptick at Right-Angles; as for Example; in the 
Point c of the Circle VE, the Parallax of Longi- 
tude will be nothing. For, becauſe the vertical 

Circle VE, is in this Caſe, perpendicular ro” the 
Ecliptick, it will paſs thro” its Poles, and will be 
the ſame Circle of Latitude in which is the true 
and apparent Place of the Star; and r 
aces 
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Lecture Places reduced to the Ecliptick will coincide in 
XXI. the ſame Point: And here the Parallax of Lati- 


LY WV tude will be the fame with the Parallax of Al- 
2% 72" dude. 


* n, TRE Eaſtern Quadrant of the Ecliptick is that, 


which lies between the goth Degree, and the Point 
of it that riſes: The Weſtern Quadrant lies be- 
tween the goth Degree, and the ſetring Point there- 
of. A Star, that is in the Eaſtern Quadrant, has its 
apparent Longitude greater than its true Longitude ; 
for, while the Star riſes, the Parallax depreſſes it to- 
wards the Eaſt. So in the Eg. the viſible Place of 
the Star in the Ecliptick is the Point H, which is 
more Eaſterly than the true Place G: But if the 
Star be in the Weſtern Quadrant, its viſible Lon- 
gitude is Jeſs than the true, becauſe the Parallax 
thruſts it Weſtward. 

LET the Circle EQ, which before repreſented 
the Ecliptick, be now in the Place of the Æqua- 
tor, and P its Pole, PVH the Meridian, VCA a 
vertical Circle paſſing through the Star; in which 
ler C be its true Place, and D its apparent. P CG, 
P D H Secondaries of the Æquator or Circles of 
Declination paſſing through the true and apparent 
Places of the Star, meeting with the Æquator in G 
and H. The Point G ſhews the true right Aſcen- 
ſion of the Star, H its apparent, and the Diſtance 
GH is called the Parallax of Right-Aſcenſion. 
The true Declination of the Star is GC, and its 
viſible is H D, and their Difference NC is the 
Parallax of Declination. It a Star be to the Eaſt 
of the Meridian, the viſible Right-Aſcenſion is 
greater than the true; if to the Weſt of it, it 1s 
leſs: And when the Star culminates, the Parallax 
of Right-Aſcenſion is nothing; becauſe the ſame 
Circle of Declination does there paſs through both 
the apparent and true Place. 

THE Aſtronomers have invented ſeveral Me- 
thods for finding the Parallaxes of Stars, that from 
thence their Diſtances from the Earth may be 
known; for if we knew this, we could make 
ſome Eſtimate of the Largeneſs and Amplitude of 
6 the 


rene ur 


the Univerſe. Let us now give ſome of the Me- Lecture 
thods which the Aſtronomers have contrived for XXI. 
ſearching out the Parallaxes. — 

FIRST, obſerve the Star, when it is in the De f-f 

ſame vertical Circle with two other fixed Stars. ban 2 — 
Let VB be the vertical Circle, in which are ſeen ax. 
the fixed Stars C and D, and the Phenomenon or 
Star 8, whoſe apparent Place will be likewiſe in plate xx. 
the ſame Vertical, which ſuppoſe to be E; and if Fis. 3. 
the Star have no proper Motion of its own, it will 
conſtantly be in the ſame Line with the two Starr. 
After ſome Time, again obſerve the Poſition of the 
Phenomenon with the ſame Stars, when it is nor in 
a vertical Circle with them, but rather in a Cir- 
cle parallel to the Horizon; i. e. Suppoſe the 
fixed Stars in c and d, and let the vilible Place 
of the Star be e; but its true Place is in the Line 
cd, which joins the two Fixed. Ir is alſo in the 
Vertical Ve; and therefore, it muſt be in the Point 
where theſe Lines cut one another; that is, in S. 
Obſerve the Diſtances of the fixed Stars d and c, 
and of the Star e from the Vertex V: Meaſure 
likewiſe with an Inſtrument the Arches de, ce 
and de: And, becauſe e is the apparent Place of the 
Star, and S its true Place, the Arch eS is its Paral- 
lax. In the Triangle 4 Ve we have all the Sides; 
wherefore, we can find the Angle VAC. Again, in 
the Triangle Vde, we have all the Sides; there- 
fore, we can find the Angle 4 Ve. Laſtly, In the 
Triangle 4 VS we have the Sides dV, and the 
Angles dV'S and V 4 5, which we found before; 
therefore, we can find the Side VS; which being 
ſubſtracted from Ve, known by Obſervation, 
leaves Se for the Parallax, which was to be found 
out. 

THE Parallax of a Star may be likewiſe eaſily A Second 
found this Way. Obſerve when the Phenomenon is re xXx. 
in any Vertical with a fixed Star which is near Fig. 4. 
it, and then meaſure its apparent Diſtance from 
this Star: Then obſerve again, when the Phæno- 
menon and fixed Star are in equal Altitudes from 
the Horizon; and then again, meaſure 3 Di- 

ance. 
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ſtance. The Difference of theſe Diſtances will 
be very near the Parallax of the Star. For let HO 


WA be the Horizon, V the Vertex, VE a vertical Cir- 


The Third 
Met bod. 


Plate XX. 
Fig. 5. 


cle paſling through the Star in E, and the fixed Star 
in D. Let the true Place of the Phenomenon be 
8, ſo that S E is the Parallax of Altitude, and the 
Difference of the Star's and the Phænomenon's 
Height is, in this Caſe, their viſible Diſtance. After- 
wards, obſerve when the Star and the Phenomenon 
come to be equally diſtant from the Horizon, and 
then meaſure their Diſtance by an Inſtrument : 
This viſible Diſtance is nearly equal to their true 
Diſtance. For let the true Place of the Phenome- 
non be s; the Parallax ge is very ſmall in compari- 
fon of the Arch Ve: And therefore ds and de will 
be very near equal; for if the Parallax se were a 
whole Degree, yet even then ds and de would 
not differ above one Minute: Therefore the Di- 
ſtance d e being meaſured, we ſhall have their true 
Diſtance ds or DS, which is greater than D E. 
And if from DS we ſubſtract DE, known by 
the firſt Obſervation, there will remain S E, the 
Parallax, which was to be found. 

THE Parallax of a Phenomenon may likewiſe 
be obtained by an Obſervation of its Azimuth and 
Altitude, and by marking the Time between the 
Obſervation and its Arrival at the Meridian. Let 
HVPO be the Meridian, V the Vertex, P the 
Pole, HO the Horizon, and V B a vertical Cir- 
cle paſling thro” the true and apparent Place; thro' 
which draw alſo Circles of Declination P S C, 
PE. The Arch of the Horizon BO is the Azi- 
muth of the Star; which muſt be obſerved, in 
the Manner we ſhewed in our laſt Lecture. Ob- 
ſerve likewiſe the Arch VE, the Diſtance of the 
Phenomenon from the Vertex, and mark the Mo- 
ment of Time when theſe Obſervations are made. 
Then ſtay till the Phenomenon or Star comes to 
the Meridian, and note the Moment of its Arri- 
val there; which may be either done by a Pendu- 
lum Clock, or by an Obſervation of a Star. Let 


the 
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the Diſtance of the Time between the firſt Obſer- Lecture 
vation and the ſecond of the Star's being in the XXI. 
Meridian, be converted into Degrees and Minutes 
of the Equator, and we ſhall have the Arch E C, 
which meaſures the Angle VPS. Therefore, in 

the Triangle V P S, we have the Side VP, the Di- 

ſtance of the Vertex from the Pole, and the Angles 
PVS and VPS; whereby we can find the Arch 

VS, the true Diſtance of the Phenomenon from the 
Vertex: This being ſubſtracted from the obſerved 
Diſtance VE, there will remain the Parallax S8 E, 

which was to be found. 

Ir is here to be noted, that to reduce the 
Time into Degrees and Minutes of the Æquator, 
the Time muſt be firſt reduced into Hours and 
Minutes of the Primum Mobile, or to the Time 
of the Revolution of the Heavens, which Hours 
are ſomewhat ſhorter than the Solar Hours: Or 
if you keep the Sqlar Hours, ou muſt reckon for 
each of them 15 Degrees, 2 Minutes, 27 Seconds, 
and 51 Thirds: And ſo proportionably for the 
reſt of the Particles of Time. 

SuUuPPosE HO an Arch of the Horizon, A M 4 Fourth 
the Meridian, in which P is the Pole, and V the Merbed. 
Vertex of the Place. Suppoſe E the apparent 
Place of the Star; before the Star comes to the Plate XX. 
Meridian, obſerve the Arch VE, its Diſtance from Plate 6. 
the Vertex, and its Azimuth EVM: Let the true 
Place of the Star be 8, its Parallax is S E: Mark 
the Time of the Obſervation. Again, after the 
Star has paſled the Meridian, obſerve when it is 
exactly at the ſame Diſtances from the Vertex, ſo 
that Ve may be equal to VE: And here, ſince 
the viſible Diſtances of the Star from the Vertex 
are equal, the real Diſtances will be likewiſe 
8 equal, i. e. VS= Vs. Take the Time between 
the firſt and ſecond Obſervation, and turn it into 
Degrees and Minutes of the Æquator, and we ſhall 
have the Angle 8 P, the Half of which is the 
Angle SPV. Therefore, in the Triangle 8 VP, 
we have the Angle SP V, and the Angle SVP, 

& which is the Complement of the Azimuth to two 
Right- 


* 
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Lecture Right-Angles; alſo the Side VP, the Diſtance of 
XXI. the Pole and Vertex; from them we ſhall know 
es, the true Diſtance of the Star from the Ver- 
tex; which being ſubſtracted from VE, leaves SE 
| for the Parallax. | 
The Fifth THESE Practices depend upon Obſervations 
Method. of the Azimuths; but without obſerving them 
the Parallax may be known, by finding out the 
apparent and true Right-Aſcenfions ; and from 
them, by Calculatior, finding the Azimuth: For by 
obſerving the Diſtance of a Phenomenon from two 
known fixed Stars, we can compute its apparent 
Right-Aſcenſion, according to the Method ex- 
plained in Lecture XIX: Then again, when the 
Star comes to the Meridian, by the ſame Method 
find its Right-Aſcenſion; which is the true Right- 
Aſcenſion, or the Point where the Circle of De- 
clination, paſſing through the true Place of the Star, 
cuts the Æquator. Knowing then the apparent 
Fon XXI. Right-Aſcenlion of the Star in the Vertical VB, 
„ „and the Point of the Æquator which at the ſame 
Time culminates, we ſhall likewiſe know the 
Angle VPE: Therefore, in the Triangle VPE, 
having the Sides VP, VE, and the Angle VPE, 
we can find the Angle PV E, which determines 
the Azimuth. Bur having the true Right-Aſcen- 
ſion of the Star as was obſerved in the Meridian, 
and. the Point of the Æquator culminating at the 
firſt Obſervation, the Diſtance between them will 
give us the Angle V PS. Therefore, in the Tri- 
angle V P'S, having the two Angles VPS and S VP, 
as alſo the Side VP, we can find the Side VS, the 
real Diſtance of the Star from the Vertex; which 
ſubſtracted from VE, leaves S E, the Parallax, which 
was to be found. 
IN determining the Right-Aſcenſions of the 
Stars, we are not to rely too much, in ſo nice an 
Affair as the Parallax is, on a Pendulum Clock for 
determining the Time; for there the Error of one 
Second in numbering being made, will produce an 
Error of Right-Aſcenſion of 15 Seconds. 
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Fo R, to obſerve the Right-Aſcenſion of a Star, Lecture 
there is no need of ſtaying till it come to a Me- XXI. 
ridian ; but it is more eaſily and certainly had by gry 
two Obſervations, one made in the Eaſtern Qua- 
drant, and the other in the Weſtern Side of the 
Heavens ; but both muſt be made when the Star is 
at the fame Height above the Horizon: For if we 
take the Diſtance of the Phenomenon from two 
known fixed Stars, when it is in the Eaſtern Re- 
gion, we ſhall by that Means find its apparent Right- 
Aſcenſion, which is greater than the true, becauſe 
the Parallax depreſſes a Star more Eaſtern. Again, 
when the Star deſcends on the Weſtern Side, and 
comes to the ſame Height, ler its Diſtance be like- 
wiſe obſerved from two fixed Stars, and get from 
them its apparent Right-Aſcenſion, which is juſt 
as much leſs than the true, as the former exceeded 
it. And therefore, if the Differences between the 
two apparent Right-Aſcenſions be halfed, and this 
Half be added to the leaſt or ſubſtracted from the 

- greateſt, we ſhall have the true Right Aſcenſion, 
or the Point in the Aquator where it meets 
with the Circle of Declination paſling through the 
Star, that is, the Point C. But from the Time of Table xx. 

the Obſervation, we have the Point of the Æqua- Fig. 5. 
tor which culminated at that Moment; and con- 
ſequently, we have the Arch E C, and the Angle 
AM PC meaſured by it: Therefore, in the Triangle 
V PS, having the Side VP, and the Angles VPS 
and PVS, we can find the Side VS, the true Di- 
ſtance of the Phenomenon from the Vertex ; which 
ſubducted from the apparent Diſtance, there will 
remain S E, the Parallax required. 

THE eaſieſt and beſt Way of finding the Par- The Sies 
allax of Right Aſcenſion is by a Teleſcope, in Merbed. 
whoſe Focus are four Threads, croſſing one another 
at half Right-Angles, as we ſhewed in our XIXth 
Lecture. Dire ing this Teleſcope to the Star, Table XXL 
turn it conſtantly round, till its apparent diurnal Fis. 2. 
Motion appear to be along the Thread AB; in 
which Polition, the Thread will repreſent a Por- 
tion of the Parallel which the Phenomenon de- 


ſcribes; 
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Lecture ſcribes; and the Thread CD, cutting it at Right- 
XXI. Angles, will repreſent a Horary Circle. Obſerve 
WAA therefore the Time when the Phenomenon is ſeen 
in the Horary Circle. The Teleſcope remaining 
thus fixed and unmoved, obſerve the Time when 
any other Star, whoſe Right-Aſcenſion is known, 
comes to the ſame Horary Circle : The. Diſtance of 
Time between the Appulfe of the Phenomenon to 
the Horary Circle, and of the fixed Star to the 
ſame Circle, being turned into Degrees and Mi- 
nutes of the Æquator, will ſhew the Difference of 
| Right-Aſcenſions of the Star and the Phænomenon. 
| Again, when the Star comes to the Meridian ob- 
ſerve it with the Teleſcope, and by the ſame Method 
find out its Right-Aſcenſion, which will be the true 
one; and by it we ſhall have the Point of the Æqua- 
ror, where the Circle of Declination, paſſing thro' 
the true Place of the Star, does cut the Æquator. 
Having therefore the true Right-Aſcenſion and the 
apparent, we have their Difference, or the Parallax 
of Right-Aſcenſion. And becauſe we have the ap- 
parent Right-Aſcenſion and the Point of the Æqua- 
tor then culminating, we have the Arch of - the 
Equator, intercepted between them, which is the 
Table xxl. Meaſure of the Angle VPE. Therefore, in the Tri- 
Fig-1. angle VP E, we have the Sides VP, PE, and the An- 
gle VPE, whence we find the Angle PVE. From 
the Angle VP E take the Angle SP E, the Parallax of 
Right-Aſcenſion, and we ſhall have the Angle V PS. 
Laſtly, In the Triangle V PS, having the Angles 
VPS and PVS, together with the Side VP, we 
can from them find the Side VS, the true Diſtance 
of the Star from the Vertex; which being ſub- 
ducted from the apparent Diſtance, leaves the Par- 

allax that was to be found. ; 
The Method IF the Phenomenon have a proper Motion of 
of fading its own, its Right-Aſcenſion will conſtantly be 
jc die Changed by this Motion, unleſs it ſhould wh 
Star bas a to move in ſome Circle of Declination: And 
proper Mo- therefore, Care muſt be taken to determine the 
— * Change of Right-Aſcenſion, that ariſes by the 
; Motion of the Star; which is done, by obſerving 
| the 
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the right Aſcenſion of the Star, when it is in the Lecture 
| Meridian; and the next Day, let its right Aſcenſion XXI. 
be in the ſame Manner obſerved. e Difference 
of theſe right Aſcenſions will ſhew the Change that 

the right Aſcenſion has, for the Time between the 

two Obſervations : And from them we can find the 

Change of right Aſcenſion, or the Motion of the 
Phenomenon along the Equator in a Day: From 

this diurnal Motion we can find b 1 

the Motion for any given Time. For Example, If 

the diurnal Motion according to the Æquator be 

20 Min. that is, 3 the Phenomenon advanced 
according to the Æquator every Day 30 Minutes; 

and ſuppoſe the Time between the Obſervation on 

the Eaſtern Side of the Heaven, and that in the 
Meridian be ſix Hours, the Motion according to 

the Æquator in that Time is 74 Minutes; let the 
Difference of right Aſcenſion, obſerved in the Ver- 

tical and in the Meridian, be 20 Minutes, ſeven and 

a half of thoſe Minutes are owing to the proper 

Motion of the Body ; wherefore, the Parallax of right 
Aſcenſion is 124 Minutes. | 

AFTER the ſame Manner by the apparent and 
real Longitude of a Phenomenon; the Parallaxes ma 
be inveſtigated. The apparent Longitude is found, 
by obſerving the Diſtance of a Phenomenon from 
two fixed Stars, whoſe Longitudes and Latitudes are 
known. And the true Longitude is had, by makin 
the ſame Obſervations, when the Szar is in the pa 
Degree of the Ecliptick, where the apparent and 
true Longitudes coincide. 

By theſe, and the like Methods, if any Phæno- 
menon has a Parallax not leis than one Minute, it 
may be found out. In the Moon we find the Pa- 
rallax very conſiderable, which in the Horizon 
amounts to about a Degree or more. But there are 
ſome particular Methods, only applicable to the 
Moon, by which its Parallax is known. 

In an Eclipſe of the Moon, obſerve when both A Mrd 
its Horns are in the fame vertical Circle, and 7 1 * 
then in that Moment take the Altitudes of both % of the 
| ifs Horns: Alan. 
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Lecture Horns: The Difference of theſe two Altirudes be. 
XXI. ing halfed and added to the leaſt, or ſubſtrates f 
ftom the greateſt, does give nearly the viſible Al. 
rude of the Moon's Center: But the true Altitude is 7 : 
nearly equal to the Altitude of the Center of the nid 
Shadow at that Time. Now we know the Altitude 
of the Center of the Shadow, becaufe we know the 
Place of the Sun in the Ecliptick, and its Depreſſion 
under the Horizon, which is equal to the Altitude 
of the oppoſite Point of the Ecliptick, in which ; 
the Center of the Shadow. And therefore we have 
the true Altitude of the Moon, and the apparent 
Altitude, whoſe Difference is the Parallax, which 
will therefore be known. 3 
Tables of As the Diſtance of the Moon grows leſs, accord- 
3 ing as it recedes from its Apogæum, her Parallax muſt Wi 
in the fame Proportion be encreaſed conſtantly, the 
nearer ſhe comes to us. Therefore the Artiſts make 
Tables, which ſhew the horizontal Parallax for every 

Degree of its Anomaly. 

HE Methods we have given for finding the Pa- 
rallaxes, ſlew, that the Moon has a great Parallax, 
and is very near us; but none of them is ſufficient for 
finding out the Parallax of the Sun: For that is fo 
ſmall, that the Obſervations requiſite cannot be made 
accurately enough for to determine it; for an Error 
in obſerving can r be avoided, which is not 
equal or greater than the Sun's Parallax. This de- 

' fect of Obſervations put the antient Aſtronomers on 
the Search of other Methods peculiar to the Sun, 
for finding out its Parallax : But even thoſe Methods, 
though they make manifeſt the Acuteneſs and Saga- 
City of the Antients, yet are not ſufficient in ſo nice 
and ſubtle a Diſquiſition. However, they are uſeful 
to ſhe, that the Diſtance of the Sun from the Earth 
is very great in Compariſon of the Moon's Diſtance 
from the fame: And therefore it will not be unfit- 
ting to explain them in this Place. 

Hippar- AE firſt Method was invented by Hipparchus, 
, Me- and has been made uſe of by Ptolemy and his Fol- 
Pris lowers, and many other Aſtronomers. It depends 
the Sun, On 
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an Obſervation of an Eclipſe of the Moon: And Lecture 
e Principles on which it is founded are, Firſt, In XXI. 
Lunar Eclipſe the horizontal Parallax of the Sunn 
equal to the Difference between the apparent Se- 
Wnidiameter of the Sun, and half the Angle of the 
pnical Shadow; which is eafily made out in this 
Manner. Let the Circle AFG repreſent the Sun, Plate xxl. 
ad DHE the Earth; let DHM be the Shadow, Fis. 3. 
id DMC the half Angle of the Cone. Draw 
From the Center of the Sun the right Line SD 
ouching the Earth, and the Angle DSC is the ap- 
parent Semidiameter of the Earth, ſeen from the Sun, 
which is equal to the horizontal Parallax of the Sun; 
the Angle ADS is the apparent Semidiameter of 
che Sun, - ſeen from the Earth: The external Angle 
SADS is equal to the two Internals DMS and 
WW DSM, by the 32d Prop. Elem. I. And therefore 
the Angle DSM, or DSC is equal to the Diffe- 
rence of the Angles ADS and DMS. 24ly, Half 
W the Angle of the Cone is equal to the Difference of 
the horizontal Parallax of the Moon, and the apparent 
Semidiameter of the Shadow, ſeen from the Earth 
at the Diſtance of the Moon. For let CDE be plate XXI. 
the Earth, CME the Shadow, which at the Di- Fig. 4+ 
ſtance of the Moon 4 by a Plane, the Sec- 
tion will be the Circle F L H, whoſe Semidiameter 
is FG, and is ſeen from the Center of the Earth 
under the Angle FTG. But by the 32d Prop. 
Elem. I. the Angle CF T is equal to the two Inter- 
nals FMT and FTM. herefore the Angle 
FMT is the Difference of the two Angles CFT 
and GTF: But the Angle CFT is the Angle un- 
der which the Semidiameter of the Earth is ſeen 
from the Moon, and this is equal to the horizontal 
Parallax of the Moon; and the Angle GT F is the 
apparent Semidiameter of the Shadow ſeen from the 
Earth's Center. It is therefore evident that the half 
Angle of the Cone is equal to the Difference of the 
horizontal Parallax of the Moon, and the apparent 
Semidiameter of the Shadow ſeen from the Earth. 
Wherefore, if to the _—_— Semidiameter of Les 
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Sun there be added the apparent Semidiameter of 
the Shadow, and from the Sum you take away the 
horizontal Parallax of the Moon, there will remain 
the horizontal Parallax of the Sun; which therefore, 
if theſe were accurately known, would be likewiſe 
known accurately: But none of them can be fo ex- 
actly and nicely obtained, as to be ſufficient for de- 
termining the Parallax of the Sun; for very ſmall 
Errors, which cannot be eaſily avoided in meaſuring 
theſe Angles, will produce very great Errors in the 
Parallax ; and there will be a prodigious Difference 
in the Diſtances of the Sun, when drawn from theſe WW We the N 
Parallaxes. For Example : wy + the horizontal WE e Moc 
Parallax of the Moon to be 60o' 15”, the Semidi- un An 
ameter of of the Sun 16, and the Semidiameter of 
the Shadow 44/ 30” ; we ſhould conclude from 
thence, that the Parallax of the Sun was 15”, and 
his Diſtance from the Earth about 13700 Semidi- 
ameters of the Earth. But if there be an Error 
committed, in determining the Semidiameter of the 
Shadow, of 127 in Defect, (and certainly the Semi- 
diameter of the Shadow cannot be had ſo preciſely, 
as not to be liable to ſuch an 1 72 that is, if in- 
r the apparent 
Diameter of the Shadow, all the others remaining as 
before, we ſhall have the Parallax of the Sun 3“, 
and its Diſtance from the Earth almoſt 70000 Se 
midiameters of the Earth, which is five Times more 
than what it was by the firſt Poſition. But if the 
Fault were in Exceſs, or the Diameter of the Sha- 
dow exceeded the true by 127; ſo that we ſhould 
put in 44 42% the Parallax would ariſe to 27“, and 
the Diſtance of the Sun only 7700 of the Earth's 
Semidiameter ; which is nine times leſs than what it 
comes to by a like Error in Defect. If an Error in 
Defect was committed of 15%, which is ſtill but a 
ſmall Miſtake, the Sun's Parallax would be equal to 
nothing, and his Diſtance infinite. Wherefore, ſince 
from fo ſmall Miſtakes the Parallax and Diſtance of 
the Sun vary ſo much, it is plain that the Diſtance 
of the Sun cannot be obtained by . 
INCE 
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Aſtronomer, contrived a very ingeniqus Way for Pn 


his Angle is about ſixty times bigger than the for- 
er, ſubtended only by the Earths Semidiameter. 


ro find this Angle, he lays down the following 


Principles. 
Ix that Lecture where we explained the Phaſes 
f the Moon, we ſhewed, that if a Plane paſſed thro? 
e Moon's Center, to which the Line joining the 
un and Moon's Center was 8 this 
Plane would divide the illuminated Hemiſphere of 
e Moon from the dark one : And therefore, if this 
Plane ſhould likewiſe paſs thro' the Eye of a Spec- 
ator on the Earth, the Moon would appear biletted , 
r like a half Circle; and a right Line, drawn from 
e Earth to the Center of the Moon, would be in 
de Plane of Illumination, and conſequently would 
perpendicular to the right Line which joins the 


Orbit; and let the Line S L, drawn from the Sun, 
Puch the Orbit of the Moon in L; the Angle T LS 
ill be a right Angle: And therefore, when the Moon 
ſeen in L, it will appear biſected, or juſt half a 
ircle. At the ſame Time take the Angle LIT S 
e Elongation of the Moon from the Sun, and then 
e ſhall have the Angle LS T its Complement to 
right Angle. But we have the Side TL, by 
iich we can find the Side ST, the Diſtance of 
We Sun from the Earth. 


le Space of Time both before and after the Di- 
8 em, nay, even in the Quadrature, when the 
oon will appear biſected, or half a Circle; ſo 
5 83 that 


b A 
\ 
F.. 
+ 


SINCE therefore the Angle that the Earth's Semi- LeQure 
diameter ſubtends at the Sun is ſo ſmall, that it can- XXI. 
ot be determined by any Obfervation ; Ariſtar waa 
bus Samius, an ancient and great Philoſopher and Aiftars 


nding the Angle which the Semidiameter ot the Sun's Pi- 
Moon's Orbit ſubtends, when ſeen from the Sun Hance. 


Wenters of the Sun and Moon. Let S8 be the Sun, Table XXI. 
Ind T the Earth, AL a Quadrant of the Moon's*is 5. 


Bor the difficult Point is to determine exactly Ariftar- 


Moment of Time when the Moon is biſected, h, Fry 


in its true Dichotomy ; for there is a conſide-cien;, 
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Lecture that the exact Moment of Biſection cannot be know Ml 
XXI. by Obſervation, as Experience tells us: This can be 
WAY allo made out by the following Reaſon. Pag. 95. in the 
Lecfure concerning the Phaſes of the Moon, it wa 
demonſtrated, that the Diameter of the Moon wa 
to the Portion of it illuſtrated by the Sun, and ſeen i 
by us, as the Diameter of a Circle is to the Verſel 
Sine of the Elongation of the Moon from the Sun, 
nearly: But accurately, it is as the Diameter of i 
Circle to the Verſed Sine of the exterior Angle at 
the Moon, of the Triangle formed by Lines joining 
the Centers of the Sun, Earth, and Moon, as we 
ſhewed in the Lecture, pag. 163. concerning the —_ BH 
of Venus. Let us ſuppoſe, in the Time of true Dicho- 
tomy or Biſection, that the Angle LS T is 15% and 
that the Semidiameter of the Lunar Orbit were 60 8 
Semidiameters of the Earth; the Diſtance of the 
Sun would in that Caſe be 13758 of the Earth's 
Semidiameters. This being ſuppoſed, let us ima- 
gine the Moon to be in her Quadrature at q; that 
i, let the Angle qT'S be a right Angle, the exte- i 
rior Angle of the Triangle qT'S at 4 would be 
909. 15% whoſe Verſed Sine is equal to the Radius 
and the right Sine of 15 together: Therefore, as the 
Diameter of a Circle is to the Radius + Sine 157; 
ſo is the Diameter of the Moon to that Part of it 
which is illuſtrated by the Sun, and ſeen from the 
Earth. Wherefore, raking balf the Antecedents, 
and by Diviſion of Ratio, the Radius will be to 
the right Sine of 157 as is the Semidiameter of the 
Moon to that Exceſs, wherewith the illuminated 
Part ſeen from the Earth is greater than half the 
Moon's Diameter. Now the Sine of 15” is 436, 
of ſuch Parts as the Radius is 100000, and the ap- 
2 Semidiameter of the Moon is about 157: 
ay therefore, as 100000 is to 436, ſo is 15' to a 
Fourth, which is leſs than 4“ but this is ſo ſmall a 
Quantity, that it is not in the leaſt to be perceived 
by our Senſes: And therefore the Moon, even in 
the Quadratures, has its Illumination exceeding the 
biſected Illumination by ſuch a Quantity as is . 
gether 


* 
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Woether imperceptible: But if the real Dichotomy or 
Fection were in the Quadrature, the Diſtance of 
the Sun would be in Infinite ; for in that Caſe the 
Angles ST q and $qT being right, the Lines ST 
and 8 would be parallel, and would not meet but 
at an infinite Diſtance. 

2dly, Soros the Elongation of the Moon from 
the Sun 89%, 30' : In that Caſe the exterior Angle 
at the Moon is 890. 45', and its Verſed Sine equal 
to the Radius bating the right Sine of 15%. And 
becauſe as the Radius is to the Verſed Sine vf the 
exterior Angle, that is, to the Radius diminiſhed by 
the Sine of 1 8. : fo is the Semidiameter of the 
Moon to that Part of it which is illuſtrated and ſeen 
by us; then, by Diviſion of Ratio, the Radius will 
be to the Sine of 150; as is the Moon's Semidiame- 
ter to that Part whereby the Semidiameter of rhe 
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XXI. 


a 


Moon is greater than the illuminated Part thereof 


which is ſeen by us; which therefore (as in the for- 


mer Caſe) will be ſcarce 4”: Now the Moon, 


wanting but ſo ſmall a Portion to be intirely biſected, 


will appear to us as if ſhe were really biſected; ſo 
that its Phaſis can in no wiſe be diſtinguiſhed from 
the true Phaſis of a Dichotomy: And therefore, if 


this apparent Phaſis ſhould be taken for the true 


Phaſis of the Dichotomy, which is half a Degree di- 
tant from the Quadrature, we ſhould find the Di- 


ſtance of the Sun from us to be 6876 Semidiame- 


ters of the Earth. 

OBSERVATIONS inform us, that when the Moon 
is 30 Min. diſtant from the Quadratures it appears 
biſected; and in the Quadrature its Phaſis cannot be 
perceived to be different from a biſected Phaſes 2 
= the Moon, obſerved with the beſt Teleſcopes, 
after it has paſt the Quadratures, appears biſected, 
as Ricciolus himſelf acknowledges in his N 
p. 734. And therefore the Moon, at leaſt for t 
Space of one Hour, appears to be biſected, in 
which Time any Moment may be taken for the true 
Point of the Dichotomy, as well as any other: And 
for the infinite Number of Moments of * 
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Lecture ſhall have an infinite Diverſity of Diſtances of the 


XXI. Sun from the Earth: And conſequently, the true 


yay Diſtance of the Sun from the Earth cannot be ob- 
y tained by this Method. 


S1Nce the Moment in which the true Dichoromy 


happens is, uncertain, but it is certain that it hap- 
Hans before the Quadrature ; Ricciolus takes that 
oint of Time which is in the Middle, between the 
Time that the Phaſis begins to be doubtful whether 
it be biſected or not, and the Time of Quadra- 
ture : Bur he had done righter, if he had taken the 
middle Point between. the Time when it becomes 
doubtful whether the Moon's Side is concave or 
ſtreight, and the Time again when it is doubtful 
whether it is ſtreight or convex; which Point of 
Time is after the Quadrature: And if he had done 
this, he would have found the Sun's Diſtance a great 

deal bigger than he has made it. 
Tbere it no THERE is now no need to confine this Method 
need nt, to the Phaſis of a Dichotomy or Biſection, for it can 
2 to tbe be as well perform'd when the Moon has any other 
Phaſis of a Phaſis bigger or leſs than a Dichotomy : For obſerve 
B:ſction. by a very good Teleſcope, with a Micrometer, the 
Phaſis of the Moon, that is, the Proportion of the 
illuminated Part of the Diameter to the whole ; 
and at the ſame Moment of Time take her Elon- 
ron from the Sun: The illuſtrated Part of the 
iameter, if it be leſs than the Semidiameter, is to 


be ſubducted from the Semidiameter; but if ir be 


greater, the Semidiameter is to be ſubducted from 
it, and mark the Reſidue: Then ſay, as the Semi- 
diameter of the Moon is to the Reſidue, ſo is the 
Radius to the Sine of an Angle, which is therefore 
found: This Angle added to, or ſubſtracted from a 
right Angle, gives the exterior Angle of the Tri- 
angle at the Moon: But we have the Angle at the 
Earth, which is the Elongation obſerved; which 
therefore being ſubducted from the exterior Angle, 
leaves the Angle at the Sun. And in the Triangle 
SLT, having all the Angles and one Side LT, we 
can find the other Side 8 T, the Diſtance of * Sun 

rom 


* 
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rom the Earth. But it is almoſt impoſſible to de- Lecture 
termine accurately the Quantity of the Lunar Pha- XXI. 
fis, fo that there may not be an Error of a few Se 
conds committed ; and conſequently, we cannot by 

this Method find preciſely enough the true Diſtance 

of the Sun. However, from ſuch Obſervations, we 

are ſure, that the Sun is above 7000 Semidiameters 

of the Earth diſtant from us. Since therefore the 2. Su, 
true Diſtance of the Sun can neither be found by A and 
Eclipſes, nor by the Phaſes of the Moon, the 88 
Aſtronomers are forced to have Recourſe to the Par- duced from 
allaxes of the Planets that are next to us, as ars the Parallax 
and Venus, that are ſometimes much nearer to us be hs 
than the Sun is: Their Parallaxes they endeavour to 

find by ſome of the Methods above explained : 

And if theſe Parallaxes were known, then the Par- 

allax and Diſtance of the Sun, which cannot di- 

rectly by any Obſervations be attained, would 

eaſily be deduced from them. For from the Theo- 

ry of the Motions of the Earth and Planets, we 

know at any Time the Proportion of the Diſtances 

of the Sun and Planets from us ; and the horizon- 

tal Parallaxes are in a reciprocal Proportion to theſe 
Diſtances. Wherefore, knowing the Parallax of a 

Planer, we may from thence find the Parallax of 

the Sun. 

MaRs, when he is in an Acronychal Poſition, Particularly 
that is, oppoſite to the Sun, is twice as near to us ” mo 
as the Sun is; and therefore his Parallax will be 47 Poſt : 
twice as great. But Venus, when ſhe is in her infe- cio. 
rior Conjunction with the Sun, is four-times nearer 
to us than he is, and her Parallax is greater in the 
fame Proportion: Therefore, tho' the extreme 
Smallneſs of the Sun's Parallax renders it unob- 
ſervable by our Senſes, yer the Parallaxes of Mars 
or Venus, which are twice or four-times greater, 
may become ſenſible. The Aſtronomers have be- 
ſtowed much Pains in finding out the Parallax of 
Mars; but of late, Mars was in his Oppoſition to 
the Sun, and alſo in his Peribelion, and conſe- 
quently,' in his neareſt Approach to the * i 
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Lecture And then he was moſt accurately obſerved by two 
XXI. of the moſt eminent Aſtronomers of our Age, who 
have determined his Parallax. to have been ſcarce 
| 30 Seconds; from whence we can eaſily collect, 
that the Parallax of the Sun is ſcarce 11 Seconds, 
| 2 * Diſtance about 19000 Semidiameters of the 
rth. 3 | 
de Paral- BY an Obſervation of the Body of Venus, ſeen 
lax of the 2 over the Body of the Sun, which will 
oy Noa. appen in May, 1761, Dr. Halley has ſhewed a 
- aſp Method of finding the Parallax and Diſtance of 
Body of the the Sun to a great Nicety, viz. within a five hun- 
Son. dredth Part of the whole; and we muſt wait till 
" then, before it can be determin'd to fo great an 
Exactneſs. 
BzcauskE the Method whereby the Aſtronomers 
foretel Eclipſes of the Sun, requires that the Moon's 
Parallax both as to Longitude and Latitude ſhould 
be known by Calculation : And alfo, as often as the 
Moon's Place in the Heavens is to be obſerved, 
that it may be compared to the Place found by 
Aſtronomical Tables, in order to eſtabliſh her 
Theory; it will be neceſſary to reduce the true 
Place found by the Tables to her apparent Place, 
which cannot be done without the Calculation of 
the Parallax : It will be convenient to explain the 
Method by which the Moon's Parallax for any Point 
of Time is to be calculated. 
How the FresT, by Aſtronomical Tables compute the Place 
Moon's Par- of the Moon in the Ecliptick and her Latitude, for 
un the given Time. In the Figure ſuppoſe HO the 
ary Time by Horizon, HZ O the Meridian, Z the Vertex, EC 
Calculation, the Ecliptick, in which let L be the Place of the 
Moon, found by the Tables. And firſt, let us ſup- 
poſe the Moon to be without Latitude. From the 
| Vertex Z. let fall upon the Ecliptick the Perpendi- 
Table Xx1, Cular Z u A, which will be therefore a Circle of 
Fig. 6, Latitude; and the Point -» will be the goth Degree 
of the Ecliptick. From the Time given we haye 
the right - Aſcenſion of the Sun, and his Equatorial 
Diſtance from the Meridian : From thence we ſhall 
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is the right Aſcenſion of Mid-Heaven, or of that 
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find the Point of the Æquator culminating, which Lecture 


XXI. 


Point of the Ecliptick which culminates : And 


therefore we know that Point which is then in the 


Meridian, as alſo the Angle Z E of the Ecliptick 


and Meridian. This is either found by the Calcu- 
lation we explained in the ſpherical Doctrine, or by 
Tables of Aſtronomy: By this Means we find the 


Arch EL; but we have the Arch E A the Decli- 


nation of the Point E, and conſequently the Arch 
Z E will be known. Therefore in the right - angled 
Triangle Z uE, we have the Side ZE, and the 
Angle Z. EAM. Hence we can find Eu and the 
Point z or the Point of the goth Degree, and the 


Arch Zu, its Diſtance from the Vertex; whoſe. 


Complement * A is the Meaſure of the Angle that 


the Horizon and the Ecliptick make: And becauſe - 


we have the Place of the Moon, we mult have the 
Arch L. Therefore in the right-angled Triangle 
Zu L, having the Sides Zu and L, we ſhall have 
from them the Angle Z LA, which is called the 


Parallactick Angle, as likewiſe the Side Z L, the The Paral- 
Diſtance of the Moon from the Vertex. Let the __— An- 
Radius be to the Sine of the Arch Z. L, as the hori- 


zontal Parallax of the Moon taken from the Tables 
to its Parallax in L, which therefore is found. Let 


it be o L. From o on the Ecliptick let fall the Per- 


pendicular 2 And in the Triangle o LM (which 
being very ſmall, may be taken for a rectilinear one) 
we have belides the right Angle, the Side Lo and the 
Angle oL M equal to AL»; wherefore we ſhall 
find out the Arch Ln, the Parallax of Longitude, 
and om, the Parallax of Latitude, which were to be 
found. 

SUPPOSE now the Moon has ſome Latitude, and 
its Place in the Ecliptick be the Point L, but let it 
be placed in the Circle of Latitude LP at P. And 
becauſe the Angle » LP is right, and we have the 
Angle L Z., and its Complement Z. LP; in the 
Triangle Z. LP we have two Sides, Z L, which was 
ſound before, and LP, the Moon's Latitude, a 

Sith the 
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Lecture the Angle Z LP, whereby we can find out the Side 
XXII. ZP, and the Angle Z PL. Let the Radius be to 
de Sine of the Arch Z P, as the horizontal Parallax 

of the Moon to a Fourth, which will be Pq : This 
will be the Parallax of the Moon in the Circle of 
Altitude. Let * be an Arch parallel to the Eclip- 
tick; and in the ſmall Triangle P4q, which may 
be taken as a right-angled Triangle, we have the 
Angle dP q, which is the Complement of the Angle 
ZPL to two right Angles, and the Side Pg: 
Therefore we ſhall have PA the Parallax of Lati- 
tude, and 4 the Parallax of Longitude : For be- 

cauſe the Latitude of the Moon is but ſmail, the 
Arch of the Parallel 4q is nearly equal to 
the Arch of the Ecliptick which is correſpondent 
0 it. 


REERICIHELREE IREELEIIS 


CECTURKE XXL. 


The Theory of the Annual Motion of 
the EARTH. 


| SDA ITHERTO we have given an Ac- 
22 D count of the general Aﬀections of 
- H che Planets Motions, and have ex- 
Planned the Appearances which atiſe 
from their Motions and the Motions 


of the Earth together. We will 


f now come to their particular Theories, in which 


the Period of each, its Diſtance from the Sun, the 


Form of its Orbit, and its Pofition are determined; 
which 
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which being once known, the Place of any Planet Lecture 
in the Zodiack may be computed for any given XXII. 
Time. And becauſe the Theories of the Planet 


are founded on the Motion of the Earth, and are 


inveſtigated by this Motion, it will be neceſſary to 


bays with the Theory of the Earth. 
n our VIIth Lecture we ſhewed how the Mo- 
tion of the Earth round the Sun was the Cauſe 


of the Appearance of the annual Motion of the 23.7 Merion 
of the Earth 
from the Earth, ſeemed to deſcribe the ſame Cir-/* as 
cle in the Heavens, that a Spectator in the Sun'arion of 
would ſee the Earth really to move in. But the tb Sun. 


Sun in the Ecliptick; and that the Sun, obſerved 


Place of the Earth ſeen out of the Sun is always 
diametrically oppoſite to that Point of the Eclip- 
tick in which we on the Earth obſerve the Sun 
to be placed: And therefore when the Sun appears 
to us in V, the Earth is really in ; when he 
is in S, the Earth has its Manſion in W. And 
therefore from the apparent Place of the Sun, 
which we find out by Obſervation, we can eafily 
1 — the Place of the Earth in its proper 
rbit. | | 
S1NCE the Ecliptick cuts the AÆquator in 
two oppoſite Points, the Sun will twice every 


Year _ in fhe AÆquator or Equinoctial Circle; 73+ Sun is 
appens when by his apparent Motion he ie every 


arrives at the Interſections of theſe two Circles . A 
Circle, 


which 


All the reſt of the Year he will ſeem to decline 
either to the North or South from the Aquator ; 
and he is at his fartheſt Diſtance from the Aqua- 
tor, when he is juſt in the Middle between the two 
Sections, that is, 90 Degrees removed from either, 
and there the Sun does not ſeem to alter his De- 
clination for ſome Time; and then the Days keep 
the fame Length: And therefore theſe Points which 
are the firſt of S and W are called the Solſtitial 
Points, as the Interſection of the Æquator and 
Ecliptick, are called the Equinoctial Points, becauſe, 


when the Sun is ſeen in them, the Days and Nights 


are equal. 
SINCE 
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S1NCE the Sun is ſeen continually moving in 
15 the Ecliptick, and every Day ſeems to an 2 
degree Eaſtward, he makes no Stay in the Equi- 
no ia Points; but in paſſing on, in the ſame 
Moment he arrives there, he leaves them: And 
therefore, though the Day the Sun enters the Equi- 
noctial Point is called the Equinox, becauſe it is 
reputed equal to the Night; yet it is not pre- 
| ciſely ſo, unleſs the Sun enters the Aquator at 
Mid-day. For if the riſing Sun ſhould enter the 
Vernal Be, at Setting he will have departed 
from it, and decline Northwards about the Space 
of 127; and therefore, that Day will be ſomewhat 
longer than 12 Hours, and the Night ſhorter; but 
the Difference is ſo ſmall that it may be neglected 
a in this Matter. 

Ne Trueſi- THE Moment of Time, in which the Sun enters 
gm ef the the Æquator, is found out by Obſervation, and 
th. oda. from the Latitude of the Place of the Obſerver. 
— 7 For in the Equinoctial Day, or near it, with an 
Inſtrument exactly divided into Degrees, Minutes, 
and Parts of Minutes, take the Meridian Altitude 
of the Sun: If it be equal to the Altitude of the 
Aquator, or to the Complement of the Latitude, 
the Sun is in that very Moment in the Equator ; 
but if it is not equal, take the Difference and mark 
it, for it will be the Declination of the Sun. Then 
the next Day again obſerve the Meridian Altitude 
of the Sun, and gather from thence his Declination. 
If theſe two Declinations be of different Kinds, as 
the one South and the other North, the Equinox 
happens ſometime between the two Obſervations, 
or if they be both of the ſame Sorr, the Sun 
has either not entered the Equinoctial, or has paſt 
it. And from theſe two Obſervations of the Sun's 
Declination, the Moment 6f the Equinox is thus 

inveſtigated, | 
TableXX1l, LET CAB be a Portion of the Ecliptick, 
Fig: 1. ZAEAQ an Arch of the Æquator, and let their In- 
terſection be in A. Let CA be the Declination 
of the Sun at the Time of the firſt Obſervation, E o 


E 
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his Declination in the ſecond Obſervation, the Lecture 


ak mains 
n if | 1 X 
—_— 


Arch CE will be the _—_— of the 1 the XXII. 
Ecliptick for one Day. In the {ſpherical Triangle www 
AA C tight-angled at , we have the Angle A; 

which the Aquator and the Ecliptick make, which 

we ſhewed how to find out in Lecture XIX; as 

alſo CE, the Declination of the Sun, known b 


WEDGE, I 


Obſervation, by which we ſhall find the Arc 

CA. And in' the ſame Manner in the Triangle 
AED the Side AE is found, and thence the Arch 
CE, which is the Sum or Difference of the Ar- 
ches CA, AE. Say then, As CE is to CA, ſo is 
24 Hours to the Time between the firſt Obſerva- 


tion and che Moment of the Ingreſs of the Sun to 
the Aquinox. 
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Ir again, the next Year, the Time of the Sun's The Quan- 
Entry into the Æquator be obſerved in the ſame 1 Y *# 
Manner, the Time elapſed between the two In- vk. 


4.29 


— — 


; preſſe is the Space of a Tropical Tear, or the 


ime wherein the Sun, or rather the Earth, com- 
pleats irs Courſe in the Ecliprick ; which is called 
the Tropical Tear, becauſe after it is finiſhed, all 
the Seaſons return again in the ſame Order. Bur 
by Obſervations that are made at the Diſtance of a 

ear, we cannot ſafely rely upon the true Quantity 
of the Year collected from them; for a ſmall Er- 
ror of one Minute, being conſtantly encreaſed and 
multiplied by the Number of Years, in Proceſs 
of Time would amount to a ' prodigious Miſtake 
in the Place of the Sun. Therefore the Aſtro- 
nomers more accurately determine the Quantity of 
the Year, by raking the Obſervations of two Equi- 
nocties at many Years Diſtance from one another ; 
and dividing the Time between the Obſervations, 
by the Number of Revolutions the Sun has made, 
the Quotient will ſhew the Time of one Revolu- 
tion, or nearly the Period of the Earth in her Orbir. 
For by this Means, if there be any Miſtake made in 
the Obſervation, it will be divided into ſo many 
Parts, according to the Number of Years, that it 
will be inſenſible for the Space of one Year. 
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Lecture THE Space of Time belonging 

XXII. Tear, is by this Means found to conſiſt. of 365 
| a Days, 5 Hours, 48 Minutes, and 57 Seconds. 
The Ano. This Time is ſomewhat leſs than the periodical 


maliftical 
Year. 


ASTRONOMICAL 
ing to the Tropical 


Time of the Earth in her Orbit, which is called 
the Anomaliſtical or Periodical Year. For by rea- 
ſon of the Proceſſion of the Equinocties, which 
was explained by us in the VIIIch Lecture, by 
which the Points of Interſection do conſtantly 
every Year move back 50 Seconds, and as it 
were, meet the Sun; the Sun will arrive at the In- 
terſection before he has compleated his Courſe. 
Now the Time of the Earth's Period or Anoma- 
liſtical Year is 365 Days, 6 Hours, 9 Minutes and 
14 Seconds. 


The Mition Is the Motion of the Earth round the Sun were 
of the Sun in equal, that is, if it deſcribed equal Angles round 


the Ecliptick 


WNeGUAL, 


the Meridian Altitude of the Sun; the Altitude of 


the Sun in equal Times, the apparent Motion of 
the Sun in the Ecliptick would * be equal, 
and would proceed each Day in the Ecliptick 
598“: And therefore the Place of the Sun would 
eaſily be computed for any Time. But we are 
ſure by Obſervation, that the apparent Motion of 
the Sun is not equal, and that he goes thro' ſome 
Parts of the Ecliptick quicker than thro' others; and 
particularly, in going thro the Northern Semicircle 
of the Ecliptick, he ſpends near eight Days more 
than in paſſing over the Southern Semicircle ; 
which ought to be performed preciſely in the ſame 
Time, if the apparent Motion of the Sun were 
equal. Moreover, if we make Obſervations, and 
from them find out the Motion of the Sun in the 
Ecliptick for each Day ; in ſome Days he will be 
found to move thro” the Space of 61 Minutes in a 
Day; at other Times he will ſcarcely be ſeen to 
have compleated 57 Minutes. 

THE daily Motion of the Sun in the Eclip- 
tick is obſerved in this Manner. Let CB repre- 
ſent the Ecliptick, & Q the Æquator, whoſe com- 
mon Interſection is in A : Take with an Inſtrument 


the 
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the Æquator in the Place of öbſervation is likewiſe Lecture 
to be known: The Difference of theſe two Arches XXII. 
is the Declination of the Sun, which will therefore 
be known. Let G be the Place of the Sun in the 
Ecliptick, and F G his Declination. In the right- 

angled Triangle G F A, having the Side FG and the 

Angle A, we ſhall find the Arch AG, the Diſtance 

of the Sun from the Equinoctial Point; or his 
Longitude and Place in the Ecliptick at the Time 

of the Obſervation. The next Day again, obſerve 

the Meridian Altitude of the Sun, and find from 

thence his Declination, which ſuppoſe to be ML, 

from which, and the Angle A, by the ſame Me- 

thod, we ſhall find out the Arch MA ; from which 

ſubſtract the Arch AG, and we ſhall have the Arch 

GM, which is paſſed through by the Sun in one 

Day. The bigneſs of this Arch is mutable, accord- 

ing to the Place the Earth has in its Orbit. 

Tas ancient Aſtronomers, who allowed no Mo- The circular 
tions in the Heavens but what were circular and oP 
equal, that they might give an Account of this appa- cr 3y . 
rent Inequality of the Sun's Motion, imagined that e they 
the Sun moved round the Earth, or the Earth 
round the Sun, (for it is the ſame . Thing which we f 
ſuppoſe, to move, or ſtand ſtill) in a circular Or- 
bit, but Eccentrical; that is, whoſe Center was at 
ſome Diſtance from the Center of the Ecliptick, 
in which they placed either the Sun, or the Earth; 
and this circular Orbit, they ſuppoſed, was deſcribed 
8 an equal Motion: And therefore, becauſe the 

nter of the Ecliptick was at ſome Diſtance from 
the Center of equal Motion, the Motion of either 
the Sun, or Earib, ſeen from the Center of the Ec- 
liptick, would appear unequal. 

LET the Circle S repreſent the Eclip- TablexX11, 
tick, in whoſe Center is the Sun. MP NA the Fig. 2. 
Orbit of the Earth, whoſe Center is C, diſtant 
from the Center of the Ecliptick by the Line CS, 
which is called the Eccentricity. They ſuppoſed 
the Earth to move in this Circle with an equal Mo- 
tion : And therefore, all the Angles*deſcribed round 
the Point C, would be A to che Times; 

a 
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Lecture and the Earth ſeen Som C, would not appear to 

XXII. move {lower in A than in P; but viewed from the 

way w Center of the Ecliptick, becauſe at A it is farther 

diſtant than in P, it would appear to deſcribe le 

Arches in equal Times: And therefore, when the 

Earth is in A, and a Spectator in-it, obſerving the 

Sun in S, will find that he moves flower than 

when the Earth is in P, and the Sun is ſeen in W. 

And becauſe the Arch of the Circle M AN is greater 

than a Semicircle, and NP M leſs than one; it is 

evident, that there is more Time required to de- 

| ſcribe the Arch NAM than NPM. But in the 

; Time the Earth is carried through the Periphery 

1 NAM, the Sun ſeems to deſcribe the Northern 

\ Semicircle of the F<cliptick, viz. V, S, =; and 

| while the Earth is moving through the Arch MPN, 

| the Sun will ſeem to have gone through the other, 

or the Southern Semicircle , V, T. From hence 

the Reaſon is plain why the Sun ſtays longer in the 
Northern Signs than he does in the Southern. 

The Peter- UPoN thefe Suppoſitions they thus determined 

I Elen,“ the Eccentricity and Poſition of the Apſis. In the 

rricity and ſame Year obſerve the Moments of Time wherein 

Pojition fi the Sun enters both the Equinoctial Points, wiz. 

a 1 the Vernal and Autumnal; as alſo, the Place of the 

Poſition run in the Ecliptick. in any other intermediate Time; 

which ſuppoſe to be in &, the Earth being really 

in 2. hen the Earth is in the Point of its Or- 

bit N, the Sun is ſeen in the Point Y ; then the 

Earth coming to L, the Sun appears in &; and 

when it has arrived in M, the Sun will be obſerved 

in =. ,* Draw to the Place of the Earth in L the 

right Lines SL, CL. Let likewiſe CM, MN, 

and CN be joined; and let CM, and SL; cut one 

another in O. By Obſervations of the Places of the 

Sun, we have the Angle YS &, as likewiſe its Com- 

2832 to two right Angles 8 V. Allo by the 

iſtance of the Time between the Obſervations we 

have the Arch LM, or the Angle LCM, as alſo 

the Arch NAM, theſe being proportional to the 

Times; therefore we have likewiſe the Arch MPN, 

and the Angle MCN. In the Iſoſceles A 


CN, 


MCN, 
the twe 
Triangl 
and the 
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the two Angles at the Baſe M and N: But in the 


and the Angle M: Therefore we have alſo the Angle 
MOS, and L OC which is vertical and equal to it. 
Suppoſe L C, the Radius of the Eccentrick, to conſiſt 
of Tto0000 equal Parts, then in the NN LOC, 
having all the Angles, and the Side LC, we can 
find the Side OC. But we know MC, which is 
ire to LC; therefore we have MO. In the 

riangle MOS we have all the Angles, and one 
Side MO, and therefore we ſhall have OS. Laſtly, 
In the Triangle SOC, having SO and OC, and 
the Angle SO C, which is the Complement of the 
Angle SOM to two right Angles, we ſhall find SC 
the Eccentricity, and the Angle OSC; to which 
dad the Angle MSO, and we ſhall have the Angle 
5 MSA, or the Arch F ; which ſhews the Poſi- 
= tion of the Aphelion, or its Diſtance from the Equi- 
noctial Point F. | 

By this Method, the Ancients found the Eccen- 
tricity to be 3450 of ſuch Parts as the Radius of 
the Eccentrick was 100000; from which they 


eaſily calculated the Motion and Place of the Sun 


for any given Time, in the Manner following. In 
the Orbit of the Earzh, let AP be the Line of the 
Apſides, and ſuppoſe the Earth at L deſcribing its 
ciroular Orbit; the Arch AL, or the Angle ACL. 
proportional to the Time, will be the Earth's mean 
Anomaly, as the Arch of the Ecliptick v? , or 
the Angle WS is the true Anomaly. Having 
now the mean Anomaly, we have its Sine LQ, 
and its Co- ſine CQ , to which add the known Ec- 
centricity, and we ſhall have SQ. Say, as SQ is 
to LQ, ſo is the Radius to the Tangent of an 
Angle, which is QS L; which therefore will be 
known. Or thus: In the Triangle S CL we have 
the Sides SC and CL, and the Angle S CL, the 
Complement of the mean Anomoly to two right 
Angles: Therefore we can find the Angle LSC, 
or LSA, the true Anomaly ; for as CL+ CS: 
CL—CS:: Tangent of half the Angle LCA to a 
Þ: 3 Fourth, 


M CN, having the Angle MCN, we have likewiſe Lecture 
Triangle MOS, we have the Angle M S0 
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Fourth, which will be the Tangent of half the Diffs. 1 
rence of the Angles CSL and CLS: And becaur 


WWYwSC and CL, are given and conſtant Quantities, the 


The Thetry 
of the An- 


, cients it nt 


tue, 


the Semicircle, the Arch PR, or the Angle PCR: 


CLS or CRS is called the Equation or Proſtha- 


were founded on Obſervations that were not very 
accurately made. But it was evident, from Obſer- 
vations of the other Planets, that their Motions 


Difference of the Logarithms of CL CS and 
CL - Cs will be a conſtant Quantity; and if i 
be always ſubſtracted from the . Tangent orf 
half the Angle LC A, we ſhall have the Tan- 
gent of half the Difference of the Angles CLS and 
SL. But we have their Sum, and conſequently 
the Angle LS A will be known; which ſhews the 
Place of the Earth in the Ecliptick, ſeen from the 


Sun; and the Point oppoſite is the Place of the Sun, ; 


ſeen from the Earth. In the firſt half Circle of 

Anomaly AL P, the mean Anomaly A CL is greater 
than the true Anomaly ASL. For the external | 
Angle ACL is greater than the internal and oppo- 
fite ASL: And if from the mean Anomaly ACL 
you take away the Angle CLS, there will remain 
the Angle LS C, the true Anomaly.. In the ſecond | 
Semicircle of Anomaly, the mean Anomaly is leſs i 
than the true, For ſuppoſe the Earth in R, the 
mean Anornaly is the Arch APR; or, caſting away | 


But the true Anomaly rejecting the Semicircle is 
PSR, which isequal to PCR and CRS. There- 
fore, if to the.mean Anomaly we add the Angle 
CRS, we ſhall have the true Anomaly PSR, and 
the Place of the Earth in the Ecliptick. The Angle 


phereſis; becauſe ſometimes it is to be added, ſome- 
times to be ſubſtracted from the mean Motion, 
that we may haye the true Motion or Place of the 
Earth. . 

THis Theory of the Ancients anſwered well 
enough to the apparent Motions of the Sun, which 


could not be accounted for by ſuch a Theory. And 
even in the Sun itſelf there is a Phænomenon, which 
is not to be explained by the Theory of the An- 
cients, but clearly overturns that Theory, and 

| | proves 


* 
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Wroves it to be falſe, viz. By the moſt accurate Lecture 

Obſervations we find, that the apparent Diameter of XXII. 
ee Sun, when he is in his Apogæon, is 31' 297; in 

nis Perigeor, it is 327 33” ; but the apparent 

iameters are reciprocally as the Sun's Diſtances. 

rom whence we find, that the true Diſtance in the 

egæon is to the Diſtance in the Perigæon, as 1953 

i to 1889, or as 101661 is to 98339; ſo that the 

Kccentricity is but 1661 of ſuch Parts, whereof the 

Radius of the Eccentrick is 100000. The Theory 
of the Ancients makes the Eccentricity above double 
of this. And therefore that Theory muſt be falſe, 
=X which ſuppoſes fo great an Eccentricity: For if we 
ſhould allow but one Half for the Eccentricity, that 
would better anſwer to, the apparent Diameters of 
the Sun, when they are nicely obſerved : But then, 
on the other Hand, ſo ſmall an Eccentricity would 
not account for the Inequalities of the Sun's Mo- 
tion, making the Center of the Eccentrick the Cen- 
ter of the middle Motion; for by computing, we 
find the Equations or Proſthaphereſes twice as great 
as what they would amount to with halt only of the 
Eccentricity of the Ancients: And therefore it is 
plain, that this Theory of the Ancients muſt be falſe. 

Tig ſagacious Kepler, obſerving this, ſhewed that Kepler's 
the Eccentricity was indeed to be biſected; but ſo, Core#tion 
that the Center of the Eccentrick was in D, in the? ** 
middle Point between the Sun and the Point C; 
from which C, if the Motion of the Earth were 
viewed, it would appear equal. This Point C, 
which was diſtant from the Center of the Eccen- 
trick by half the Eccentricity of the Ancients, was 
called the Center of the middle Motion ; becauſe 
from it the Motion of the Earth would always be 
ſeen in a mean Motion between its quick and flow 
Progreſs in the Ecliptick. 

"Tis true, Copernicus, and many other Aſtronomers, 
thought it abſurd to ſuppoſe the Earth carried in a 
Circle, whoſe Center was not the Center of the 
equal Motion ; for then the Earth's Motion muſt not 
only be in Appearance, but really in itſelf unequal 
and in ſome Parts of the Periphery of its Orbit it 

| I 3 would 
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Lecture would move faſter, in other {lower, contrary to 


XXII. their eſtabliſh'd Maxim, of having all the Motions 
wWYW perfetly uniform. 

Kepler's' Bur Kepler, when he had demonſtrated that Mars, 
4 and the other Planets, were not carried round the 


There are 
no Centers 
of muddle 
Act 10n, 


Sun in circular, but in elliptical Orbits; and that the 
Sun was in one of the Foci of thoſe Ellipſes ; and 
that the Planets, in moving round him, did fo regu- 
late their Motions, that a Line or Ray drawn from 
the Sun to the Planet, did ſweep an Elliptick Area 
or Space, always proportional to the Time the Pla- 
net moved, he thought it but reaſonable to ſuppoſe 
the Earth, in turning round the Sun, ſhould obſerve 


the ſame Law, and be carried likewiſe in an elliptick 


Orbit. This Theory anſwers exactly to all Appear- 
ances ; but it follows from it, that there are no 
Centers of equal, or middle Motion, from which 
the Planets can be ſeen to deſcribe Angles propor- 
tional to the Times. And therefore many Aſtrono- 
mers, ſtill adhering to the Opinion that there were 
Centers of equal oon, rejected this Theory of 
Kepler's; but for all that, they retained the elliptick 
Form of the planetary Orbits. And becauſe in the 
Axis of an 4 there are two Points equally di- 
ſtant from the Center, which are called the Foci, in 
one of which, they, with Kepler, placed the Sun; 
the other, which was diſtant from the Sun the dou- 
ble of the Eccentricity, they imagined to be the 
Center of equal Motion, and round it they ſuppos'd 
the Planets to deſcribe Angles proportional to the 
Times; which, indeed, in Ellipſes, that are not very 
eccentrical, is nearly true, as Kepler himſelf acknow- 
ledges, and we ſhall hereafter demonſtrate. This 
Hypotheſis they liked the better, becauſe there was 
no direct or geometrical Method in the Theory of 
Kepler, to find out the true Anomaly from the 


+ Mean; which, by the other Theory, they could eaſily 


Kepler's 
Theory 
efteemed un- 
geometrical, 


find, Upon the Account of this Deficiency of 
Method, many Aſtronomers objected to Kepler 
e&y:@ptTenoiav, Or want of Geometry in his Theory; 
and rejecting it, went upon other Hypotheſes, which 
did not ſo well agree with the true Laws of Nature > 

| and 
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and they feigned, that in each Orbit there was a Lecture 
Fertain Point for the Center of equal Motion, round XXII. 
which the Planets deſcribed Angles proportional to.. 
the Times : But ſince the Theory of Kepler. is that 
which does really obtain, and only has Place in Na- 

cure; and all Obſervations declare, that the Planets 

do really regulate their Motions by its Laws ; it is. 

not to be rejected upon the Account of a Want in 
Geometry, nor is the Fault to be laid upon the 

Theory, which is rather to be imputed to the Un- 
skilfulneſs of the Aſtronomers in Geometry. We 
therefore, that we may remove this Blemiſh of 

want of Geometry for the future, in the following 

Ledture will ſhew a direct Method of finding the 


true Anomaly of a Planet, from its mean Anomaly 
given. 
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LECTURE XXIII. 


Of the Motion of a Planet in an Ellipſe, 
and the Solution of Kepler's Problem 


about the cutting of the Elliptick 
Area, | 


ur Great Kepler was the firſt who de- 
3-5 monſtrated, that the Planets did not 
J 1 move in circular Orbits, but that they 
verre carried round the Sun in elliptical 
y ones; all which had one common 
Focus, in which the Sun reſided : and that the Pla- 
nets, in their Motions, conſtantly obſerved a cer- 
tain Law, viz. that a Ray or Line, reaching from 
the Sun to the Planet, did ſweep elliptical Spaces 

that were proportional to the Times. | 
' By Kepler's THis admirable and divine Invention of the 
Theory ſagacious Kepler, was owing to the exact Obſerva- 
Sir Ifaac tions of Tycho Brahe ; and is ſo much more to be 
Rewton , Valued, for that by the Help of it, the moſt incom- 
phyſical Parable Philoſopher Sir Iſaac Newton diſcovered 
Cauſes of the univerſal Laws of Motion, the Syſtem of the 
32 Uniyerſe, and the whole Body of the Celeſtial 
mm” Philoſophy, which was intirely, unknown before. 
The Propor- Kepler alſo demonſtrated, from Obſervations of 
fron of ihe the Motions, that in all the Planets their periodi- 

anets pe- , . . . . 
riodica!l Cal Times were in a ſeſquiplicate Proportion ot 
Timesto their their mean Diſtances from the Sun, or of the 
2 greater Axis of the Ellipſes, which are equal to 

und out , . 5 . 

by Kepler, twice the mean Diſtances; that is, the Squares of 
the periodical Times are conſtantly as the Cubes 


of the greater Axes: And therefore, if 'in two dif- 
ferent 


— 
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HENCE it follows, that in different Ellipſes, the 
Area's, deſcribed by two Planets in the ſame Time, 
are in ſubduplicate Proportion of the Parame- 
ters or Latera recta of the Elliples ; which I thus 

rove. It is known from the Property of the 
llipſe, that its Area is as the Rectangle under 
the two Axes of it; that is, if the two Axes 
of the greater Ellipſe be called A and M, and 
the two Axes of the ſmaller Ellipſe be called 4 


and mm; the Area of the greater Ellipſe will be 


to the Area of the leſſer, as AXM is to an. 
And therefore, when we are ſpeaking of the Pro- 
portion of the Area's, we may put theſe Rectan- 
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erent Ellipſes the greater Axes be called A, a, Lecture 
their periodical Times T and 7; then we ſhall XXIII. 
have their Analogy T“: “:: A: a3, and 7:78.88 
4. 1 
A“: a 


gles inſtead of the Area's. In the greater Ellipſe The Area's 


call the Area deſcribed in a gow ime X, the! 


Area deſcribed in the leſſer Ellipſe in the ſame 


C 


the ſame 


ribed in 


Time in a © 


Time x, and the Time given in which they are ſubduplicare 
deſcribed y; the Latera recta of the Ellipſes call £9portion 


L and /, the periodical Times T and 7. From 3 
the Theory above explained it follows, that fee Ehe- 


X: Ax M:: ): T, alſo that à K : X:: : 5. fen. 


And therefore, by Equality of Proportion, "twill 
| 2 
be Xx ax: XxX AN M:: 1: T:: 425 : A. But 


ſince the leſſer Axis is a mean Proportional between 


the greater Axis and the Latus rectum, M will 
1 


4 12 
be = A x Lf, and 4 xl: And therefore, 
3. 


I 3. I 
XxX 4 P:xXA* L*:; a* : A*. And therefore, 
1 1 
Xx/*:xXxL*:: 1:1; that is, in Proportion of 


Equality: And therefore, X: x :: L*:/*. And 
therefore, in different Ellipſes, the Area's deſcribed 
in the ſame Time, are as the ſquare Roots of their 
Latera recta. 
Sic therefore the Law, by which the Pla- 
nets regulate their Motions, is the equal af cv 
orm 


ot 
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Lecture form Deſcription of the Area's, it is impoſſible 


XXIII. that the Planets can every where move with the 
WW ww ſme uniform Velocity, but it muſt conſtantly be 
changed: So that going from the Perihelion to the 
Aphelion, they muſt conſtantly ſlacken their Pace; 
The Yehcity but as they deſcend from the Aphelion to the Pe- 
- every rufe, ribelion they muſt again quicken their Motions : 
the $-uares And in the Aphelion they have the ſloweſt, in the 
of their Di- Perihelion the quickeſt Motion: And the Velocity 
fancen. will be every where r as a Perpendicu- 
lar that falls upon a Right Line paſſing through 
Plate XXII the Planet and touching the Orbit. Let DAF 
Fig. 3. be an Ellipſe, whoſe Focus is S; and ſuppoſe the 
Arches AB, 46 thereof to be gone over by the 
Planet in equal Times that are exceeding ſtall, 
the Triangles SAB and S@b will be equal; for 
they are the Area's that the carrying Ray deſcribes 
in equal Times. From the Focus S let fall on the 
Tangents the Perpendiculars S P, Sp, and the Tri- 
angle SA B will be equal to 28 PX AB: So like- 
wiſe the Triangle S a6 will be equal to } SpXxabs: 
And therefore SP. Sp::ab: AB: Bur 45 and 
4 b, ſince they are Lines deſcribed in the ſame Time, 
are as the Velocities: Wherefore the Velocity in A is 
to the Velocity in a, as Sp is to SP, the Perpendicu- 
lar. Mr. De Moi vre, in the Philoſophical Tranſactious, 
No 3525 has likewiſe demonſtrated the two follow- 

ing Theorems concerning the Elliptick Motion. 


THEOREM- I. 


A Theorem LET AP B be the elliptick Orbit, in which ſup- 
to determine poſe a Planet to move round the Sun in the Focus S. 
2 >, na Let C be the Center of the Ellipſe, C B half the greater 
Pelecity, Axis, CD half the leſſer, and F the other Focus. The 
————_— Planet being in P, draw the right Lines SP, FP; 
Fig. 7” then the Velocity of the Planet in P, will be to the 
Velocity in its mean Diſtance S D, in a ſubduplicate 
Proportion of its Diſtance FP from the Focus F, 10 

its Diſtance S P from the Focus S. 

LET the right Line EPG touch the Ellipſe in 

P, and from each of the Foci on the Tangent 11 


fall the 


be a F 
Velocit) 
locity 1 
Square 
os Ve 
to SE 
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fall the Perpendiculars 8 E, FG; and let S H Lecture 
be a Perpendicular on the Tangent DH. The XXIII. 
Velocity in P is, as we have ſhew'd, t6 the ve 
locity in D, as S H is to S E: And therefore the 
Square of the Velocity in, P is to the Square of 
the Velocity in D, as SH ſquare or CD fquare 
to SE ſquare; that is, by the Nature of the 
Ellipſe (becauſe CD ſquare is equal to SE x F G) 
as SEXFGis to SE Square, or as F G to S E. 
But becauſe of the equiangular Triangles F G is 
to SE, as FP is to SP: Wherefore the Square 
of the Velocity in P, is to the Square of the Ve- 
locity in D, as FP is to SP: And conſequently, 
the Velocity in P, is to the Velocity in D, as 


V FP is to y/ SP, which was to be demonſtrated; 
THEOREM I. 


% THE Radius is to the Sine of the Angle 


| SPE as ySPxXFP to CD. For SP ſquare is to 
4 SPX FP ::SP;FP::SE: FG :: SE ſquare: 
S Ex F G:: S E ſquare: CD ſquare. And by Al- 
ternation of Proportion 8 P ſquare : S E ſquare :: 
SPXxFP: CD ſquare: And therefore, S P: SE:: 


SPXFP: CD: But SP: SE:: Radius is to 
the Sine of the Angle SPE. Therefore as the 
Radius is to the Sine of the Angle SPE, ſo is 


a P to CD, which was to be demonſtra- 
ted. a 

W have already ſhewed the Porportion by The angular 
which the abſolute Velocity increaſes or decrealcs : fey: 2 
But we have another Theorem for determining the % Square 
angular Velocity, or the Angle which a Planet, of heir Di- 
ſeen from the Sun, will appear to deſcribe in go 51255 
ſmall Particle of Time: For it is every where“. 
reciprocally in a duplicate Proportion of the Di- Plate XXIL 
ſtance from the Sun: which I thus demonſtrate. Fis. 3- 
At the Center 8, at the Diſtances SB, $6 deſcribe 
the ſmall Arches BE, b e, where AB, ab are the 
{mall elliptick Arches deſcribed in equal Times: 


In 
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Lecture In SB take Sf equal to S, and draw the ſmall 
XXIII. Arch m »:. And the angular ders in b is to 
the angular Velocity in B, as the Arch be is to 
the Arch n: But the Proportion of be to mn 
is compounded of the Proportion of b e to BE, 
and of BE to mn. And becauſe the Triangles 
BSA and 68 are equal, be will be to BE as 
SB is to 8: And becauſe the Arches BE and 
- mn are. ſimilar, BE is to mn likewiſe, as SB to 
Sm, or as SB roSb: Wherefore the Proportion of 
be to mn is compounded of the Proportion of 
SB to Sb, and again of SB to S; that is, the 
angular Velocity at 6 is to the angular Veloci 
at B, as the Square of SB.is to the Square of Sp, 
that is, reciprocally as the Squares of the Di- 
ſtances. | ' 
The Argulor BUT to explain more clearly the Inequa- 
ssi 9 *lity of the Planets Motions, and the various In- 
pared wvich Creale and Decreaſe of their angular Velocities, 
an equal Le- it will be requiſite to compare their Motions in 
"_ a different Points of their Orbit, with an equal and 
ay moving * . * . . 
in Circle. uniform Motion of a Body moving in a Circle. 
| Let thereſore the Ellipſe AEB F be the Orbit of 
1 Planet in whoſe Rocas is the Sun S. Its greater 
8. + Axis AB, and leſſer OQ. At the Center 8 and 
Diſtance 8 E, which is a mean Proportional be- 
tween AK and OK, the two Semiaxes, deſcribe 
the Circle CEGF. The Area of this Circle will 
be equal to the Area of the Ellipſe, as it is eaſil 
to be demonſtrated from the Nature of the El- 
lipſe: And tet us ſuppoſe a Point to move with 
an uniform or equal Motion thro” the Periphery 
CE GF, in the ſame Time that the Planet de- 
ſcribes the Ellipſe : And when the Planer is in its 
Aphelion A, let the circulating Point be in C, in 
the Line of the Apſides. The Motion of this 
Point will repreſent the equal or middle Motion 
of the Planer, and the Point will deſcribe round 
S Areas, or Sectors of Circles, which are propor- 
tional to the Times, and equal to the elliptick 
Areas the Planet at rhe ſame Time deſcribes. Let 
now the equal Motion or the Angle round S pro- 
portional 
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portional to the Time be CSM; and take the Lecture 
Area ASP, equal to the Sector CSM; and then XXIII. 
the Place of the Planet in its own Orbit will be P. 
and the Angle MSD, the Difference between the 
true Motion of the Planet and its mean Motion, 
is the Equation or Proſthaphereſis.: And the Area 
ACDP will be equal to the Sector DSM, and 
canſequently, proportional to the Proſthaphereſis; The Area 
and conſequently, where this Area is biggeſt, there Prien. 
the Proſthaphereſis, or the Equation, will be biggeſt : herbs 
But the Area is biggeſt in the Point E, where the f 
Circle and the Ellipſe cut each other. For when 123 
the Planet deſcends further to R, the Equation al. 
becomes proportional to the Difference of the 
3 Areas ACE and E R, or to the Area GB RN. 
For when the Planet is in R, let V be the Place 
of the Point moving uniformly in the Circle, the 
Sector CSV will be equal to the Elliptick Area 
ASR : And taking away the common Spaces, the 
Area ACE leſs the Area RE is equal to the 
Sector VS n, or to the Equation. . 
IN, the Peribelion the equal Motion and the 
true Motion of the Planet coincide; for the Se- 
micircle CE G is equal to the Semi-ellipſe A EB. 
But after the Planet departs from the Perihelion 
B, its Motion is conſtantly quicker, and it goes 
before the Point moving equally with the mean 
Motion. For let the Angle GSZ be proportio- X 
nal to the Time, take the Area BSY, equal to 
the Sector GSZ, and Y will be-the Place of the 
Planet in its Orbit; and the Angle BS Y will be 
eater than the Angle GSZ; and the Area 
BY L will be equal to the Sector Z S L, whoſe 
Angle is the Equation: And where the Area 
GBY L is greateſt, there the Equation is greateſt ; 
that is, in the Point F, where the Circle and El- 
lipſe cut one another. In A the Velocity of the 
Planer is the leaſt of all, becauſe the Diſtance S A 
is the greateſt ; from thence the Planer deſcending 
to irs Perihelion, its Velocity will conſtantly en- 
creaſe ;* but it will ſtill be leſs than the mean 
Velocity, till it comes to E, the Interſection of. the 
| Ellipſe 


| 
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Lecture Ellipſe and Circle: And there its Velocity be- 
XXIII. comes juſt equal to the mean; which I thus prove. 
www When the Planet is in E, let the Point going with 


the equal or mean Velocity be in , and the Areas 
deſcribed round S, in the ſame infinitely ſmall 
Time, be #SE, and the Sector Sn, which will 
be equal. And therefore þEXES is equal to 
m X ms: And therefore, becauſe Sm and SE are 


equal, YE and in muſt be equal*; and the An- 


gle „SE will be . to the Angle 18 n. At 
the Point therefore E, the * Velocity of the 
Planet is equal to its mean Velocity; the Planet 
going from E, and approaching ſtill nearer to its 
Perihelion, the TIL gow bigger than the 
mean Velocity; and irs Diſtance from the Sun be- 
ing conſtantly decreaſing, the Velocity will conti- 
nually increaſe, till it comes to the Perihelion, 
where it is the greateſt of all, becauſe the Di- 
ſtance SB is the leaſt of all. The Planet depart- 
ing from thence, and aſcending to the Aphelion, it 


leaves the Point, which proceeds conſtantly with . 
the middle Motion, behind it; but as it goes far- 


ther off from the Sun, its Velocity decreaſes, but 
is {till bigger than the mean Velocity, till it comes 
to F, the Point of Interſection of the Ellipſe and 


the Circle, where the Planet's angular Velocity is 


again equal to the mean angular Velocity; and 
when it has paſſed that Point, its Velocity becomes 
leſs thari the mean, and conſtantly diminiſhes till 
it arrives at the Aphelion, where it is the leaſt of 
all; its Diſtance from the Sun being then greateſt 
of all. | | 

SINCE therefore each Planet in different Parts 
of its Orbit has different Degrees of Velocities, 
and the only Equality which is obſerved in its 
Circulation round the Sun, is the equal Deſcrip- 
tion or Increaſe of the elliptick Area, which grows 
bigger uniformly with the Time; to deter- 
mine the Place of a Planet in irs Orbit at any given 
Time, we muſt take an elliptick Area that is pro- 
portional to the Time. And to do this, it is neceſ- 
fary to ſolve the following Problem. 


£3 


* 
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Lecture 
XXIII. 


KEPLERs PROBLEM. 


To find the Poſition of a Right Line, 
which paſſmg through one of the Foci 
of an E loſe ſhall cut off an Area 
deſcribed by its Motion, which ſhall 
' be to the whole Area of the Ellipſe 
mn a given Proportion. 


LET the Ellipſe be A PB, whoſe Focus is 8. I Tab. XX11, 


muſt find the Poſition of the Right Line 8 P, 
which cuts off the trilineal Area ASP, to which 
the whole Area of the Ellipſe has the ſame Pro- 
portion that the periodical Time of the Planer has 


Fig. 55 


to any other given Time; which Poſition being 


found, we ſhall have the Place the Planet is in at 
the given Point of Time. Or let AQB be a 
Semicircle, deſcribed on the greateſt Axis of the 
Ellipſe ; we muſt draw from 8 the Line SQ, 
which ſhall cut off the Area AS Q, to which the 
Area of the whole Circle is in the above-mention'd 
Proportion. For by ſuch a Section of a Circle, the 
Section of the Ellipſe is eaſily found out, by let- 
ting fall from the Point Q a Perpendicular on the 
Axis AB; which will cut the Ellipſe in the Point 
P required, to which draw the Line SP, and ir 
will be the Right Line which divides the Area of 
the Ellipſe in the given Proportion; ſo that P 
will be the Place of the Planet: For the elliptick 
Segment APH is to the circular Segment A Q H, 
as HP is to HQ that is, as the Area of the 
whole Ellipſe is to the Area of the whole Circle, 
as is known from the Nature of, the Ellipſe: But 
the Triangle SP H is to the Triangle SQ H, in 
the very ſame Proportion by Prop. I. El. VI. And 
therefore, by Prop. 12. El. V. the elliptick Area 
ASP is to the circular Area ASQ , as the Area 


of 
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Lecture of the whole 8 is to the whole Circle: And, 

XXIII. oy Aker t 40 AS Te * 38 

WAY Elliplis, as rea is to ircle. Hence, 
if ag a Method of drawing thro' S a Line 
which will cut the Area of the Circle in a given 
Proportion, it will be eafy to cut the Area of the 
Ellipſe in the ſame Proportion. 

K E VL E R, who firſt propoſed the Problem, knew 
no direct Method of computing the Planet's Place 
from the Time; and expreſly tells us, that there 
was no direct Way of finding, from the Time 
given, the true Anomaly of the Planet, or its 

lace in irs Orbit. And therefore he found it ne- 

ceſlary to go through every Degree of the Semi- 

_ circle AQB; and to ſearch from the Arch AQ, 

The Ano- which he called the' Anomaly of the Eccentrick, the 

maly of he Time which was expreſſed by the Area ASQ, 
Ecoentrick. £ 

which is pfoportional to the mean Anomaly ; as 

alſo the Angle AS P, which gives the true Place 

and true Anomaly of the Planet, which he com- 

puted by Calculation. And therefore, becauſe he 

could not directly and geometrically ſolve the 

Problem, ſome Aſtronomers objected to him an 4ys@- 

leni Or want of Geometry; and that he was ſo 

fond of phyſical Cauſes, that he had departed 

from Geometry ; and they blamed his Aſtronomy, as 

not being geometrical, ſince it was founded on 

ſuch a Theory. And therefore, that they might 

eſcape the committing of ſuch a Fault, they went 

upon other H eri and feigned a Point, round 

which the Planets Motion ſhould be equal, or the 

Angles proportional to the Times: And from 

thence, the mean Anomaly being given, they cal- 

culated the true Place of the Planet. But the Cal- 

culations founded on theſe Hypotheſes were found 

not to anſwer Obſervations : For there is really no 

fixed Point which is the Center of equal Motion, 

round which thg Planets deſcribe Angles propor- 

tional to the Times: And the only Th that 

anſwers all Obſervations, is that above-explained of 

Kepler. And therefore, the Aſtronomers muſt now 

for ever embrace this Theory of Kepler, ſince it 

| not 
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not only agrees perfectly with the Motions of the Lecture 
F Hedved) but Aſo ys moſt elegantly open the XXIII. 
== Cauſe and Source, of all thoſe Motions. Kepler www 
himſelf valued this Theory ſo much, that he choſe 
rather to take up with an indirect Method of Cal- 
culation, than contrive another Hypotheſis that was 
not 8 to the Nature of Things; and for this 
the ableſt Judges were not diſpleaſed with him. 
Therefore to take away this Blemiſh of want of Geo- 
metry out of our Aſtronomy, we will here ſhew a 
direct Method by which the Area of an Ellipſe, or 
of a Circle, which is equivalent, may be cut in a 
given Proportion. 

LET AQBE be a Semicircle whoſe Diameter 
is the greater Axis of the Ellipſe, its Center C, 
and S the Focus of the Ellipſe in which the Sun 
is pegs: Thro' the Place of the Planet imagine Table xxII, 
a Perpendicular QH to be drawn to the Axis, Fig. 6. 
meeting with the Circle in D. Then the Area 
ASQ will be to the whole Circle as the given 
Time is to the periodical Time of the Planet. 
Draw CQ, and from 8 let fall upon it, produ- 
ced if required, the Perpendicular SF : The Area 
ASQ is equal to the Sector ACQ and the Tri- 
angle QS C; that is, equal  QCXAQ + 
3 QCxSF. And therefore, becauſe 1 QC is a 
conſtant N the Area ASQ will be always 
N le to the Arch AQ +; the right Line 

F, when the Motion is from the Aphelion to the 


| Perihelion: But when the Planet aſcends from the 
Perihelion to the Aphelion, the Area BSq is equal 
to the Sector BCq— Triangle CSq: And there- 
fore it will be proportional to the Arch Bq— the 
right Line Sf. Hence, if we take the Arch AN 
or BA proportional to the Time, AQ4-SF will 
be equal to AN, or B- Sf = BA; for then 
AN and B» will be proportional to the Area's 
ASQ and BS4. | 
HENCE, if we have the Arch AQ, and add to 
the Arch QN, which is equal to the right 
Line SF ; the Arch AN wil be proportional 
to the Time, or. equal 33 the mean — 
* ö Q 


Lecture of the Planet; and therefore, if we have the tru : 
XXIII. Anomaly of a Planet, we may eaſily find the Mean, 


or the Time. For tet QC be to SC as 57,29578 1 
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which Number expreſſes the Length of an Arch in 
Degres and Parts of a Degree that is equal to the 
Radius) to a fourth Number; and we have an 
Arch equal to SC in Degrees and decimal Parts. 
Call this Arch B; and becauſe SC is to SF, as the 
Radius is to the Sine of the Angle SCF or ACQ, 
fay, as the Radius is to the Sine of ACO, fo is the 
Arch B to a Fourth; and then we ſhall have, in De- 
grees and decimal Parts, an Arch in the Periphery 
AQB, which is equal to the right Line SF: And 


becauſe SF is equal to QN, we have the Arch the Sir 
AN, and alſo the Arch AN, which is propor- 

tional to the Time. = NQ: 
LEr us explain this by Examples in the Orbit 

of Mars. The Eccentricity of this Orbit is to its ge 

mean Diſtance as 14100 is to 152369. And there- Rn 1 
fore the Logarithm of the Arch B which is equal 

toSC is 0,7244446 : And therefore, if we would have 
have the mean — when the Anomaly of 


the Eccentrick is one Degree, add the Log. Sine of 
1 Degree to the Log. of B, the Sum is 8, 9662999. 
This being the Log, of the Number o, 0925 33, 
expreſſes the Length of the Arch QN in decimal 
Parts of a Degree. And therefore the Arch AN, 
or the mean Anomoly, is 1,092533 or 1® 5” 33”. 
In like Manner, if the Anomaly of the Eccentrick 
be 3c®, to its Log. Sine add the conſtant Log. of 
B; and the Sum will be 0,4234146; which is 
the Log. of the Number 2,651 ; and therefore the 
mean Anomaly AN anſwering to 30 Degrees of 
the Eccentrick Anomaly, is 32,651, or 320 29/ 3”. 
This Method is much quicker and eaſier than t 
which Kepler gives; where, by an indirect Method, 
and the Rule of falſe Poſition, he ſhews how to 
compute the true Anomaly from the Mean. 

LET us now come to the Method I promiſed 
of directly finding the true Anomaly from the 
Mean. In the Figure, let the Arch AN be the 
mean Anomoly, or proportional to the TMs, A - 
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AQ 


AN call e, and Co- ſine F; and let the Eccentricity 
SC be g. The Sine of the Arch AQ is equal to 
the Sine of the Arch AN NQ, equal to the 
Sine of the Arch AN—y. But we have demon- 
ſtrated in the Elements of Trigonometry, that if the 
Sine of the Arch AN be e, the Sine of the Arch 


= 3 
A or of AQ, be 2. 


SY TM 1.2.3 
ey* 


+ 12.3 7 &c. But the Radius which is 1, is to 
the Sine of the Arch AQ, as SC or g is to SF or 


NQ that is toy: And therefore 1. 


„„ . ge 3* 
— +31 + ITE" &c. And therefore we 


g/ , ger* of)? ge 
an — —— 


1.2.3 1.2. 3.4 


&c. Let ge=z, and 14 call a, 2 = b, 


ef ge ; 
I.2.3 — and 1-2-3:4 d. And the Equation 


will be in this Form z y by? — cy? + 4dy* 

&c. And therefore, by the Method of Reverſion 

of Series, invented by Sir ISAAC NEWTON, 
| 2 b 22 2 b ac 

we have y = = — I + 5; 


a3 
5466 — 563 ＋ a? 4 
— fa 


23 


ODOT X 2®, &c. But becauſe 

4 2 2 

122 . we ſhall have y =— 
.2* Fe c 25 : 

5 r &c. But if the Arch AN 


be greater than 90 Degrees, and leſs than 270, then ge 
2 or 
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the Anomaly of the Eccentrick which is to Lecture 
be found. Call the Arch N Q y, and the Sine of XXIII 


4 


” — — * 7 —— 5 — — * ; — — - 
2 — — — — n 4 
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"12 5X 17 OP {7 of 
XXIII. f = e 13-3 12 And 
1 
then a = 1 —gf, and y = 722i 


This Series expreſſes the Arch QN, the Parts 
whereof the Radius is 100000: But to have it in 
Degrees, and Parts of a Degree, ſay, as the Radius 
is to this Series, ſo is 5 7. 295 78, which are the De- 
grees of an Arch equal to the Radius, to a Fourth; 
conſequently, ſince the Radius is Unity, if we mul- 
tiply the Series by 57.295 78, Which Number call 
R, we ſhall have the Arch y in Degrees and deci- 
RZ — Rz Rez 


mal Parts === == ZI" &c. The very 


| © (BS - 
firſt Term of this Series ＋ is ſufficient to deter- 


mine the Anomaly of the Eccentrick in almoſt all 
the Planets, nearly enough. For in Mars, the Error 
ſeldom excceds rhe 20oth Part of a Degree; in the 
Earth it is leſs than the 10000th Part of a Degree. 
But it will be beſt to ſhew the Uſe of this Method 
by Examples. 

IN the Earth's Orbit the Eccentricity is 0,01691, 
when the mean Diſtance CQ is 1. Suppoſe we 
are to find the Anomaly of the Eccentrick, and the 
equated Anomaly when the mean Anomaly is 30 
Degrees. 

The Log. of Eccentricity is — 8,2291426 
The Log. Sine of 309 —ͥͤĩͤ 9,6989700 
The Log, of R — 17581226 


The Log. of Rz 956862362 
The Log. of a ſubftract -—— 0,0063 137 


The Log. of the Arch) —— 96789225 

To which anſwers the Number o, 47744, or in 
{exagelimal Numbers 28' 38“: The reſt of the 
Terms don't amount to the 1900oth Part of a 
Degree, and may therefore be neglected. If there- 
tore from 3o Degrees we deduct 287 38”, we ow 
| ave 
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have the Arch AQ 280 31/ 22”. In the Triangle Lecture 

Q CS, we have the Sides QC, CS, and the An- XXIII. 

eSCQ : Wherefore we ſhall have the Angle 
SC. The Analogy is QC+ CS, or A8? 

| CSQ + COQS 

QC—CS, or BS : : Tangent - SEE 


CSQ—CQS | | 
Tangent of = - =. Therefore, if from 
the Tangent of half the Angle ACQ_ we ſubſtract 
a conſtant Log. 0,0146893, we ſhall have the Tan- 

ent of an Angle, which, added to half the Angle 
cd, gives the Angle C SQ, or ASQ, which 
in the preſent Caſe, is 299. 3/. 7”. But to find 
the Angle ASP, we muſt diminiſh the Tangent of Plate XX1I. 
the Angle AS Q, in the Proportion of the bigger Fig. 5. 
Axis of the Ellipſe, to its leſſer. Therefore, from 
the logarithmick Tangent of ASQ, take away the 
conſtant Log. 0,0000622, which is the Log. of the 
Ratio of the greater Axis to the leſs, and we ſhall 
have the Log. Tangent of the Angle ASP ; which 
Angle is equal to 299. 2. 54”. And this is the co- 
equated Anomaly. 

In the Orbit of Mars, the Eccentricity is 14.100 

of ſuch Parts as the mean Diſtance is 152369. And 
therefore, the Log. of the Ratio of S C to & Ꝙ is 
$,9663226 = Log. of g, Let us find the Anomaly 
of the Eccentrick, when the mean Anomaly is 1 
Degree. | 
I be Log. of Eccentricity — 9,9662226 


" * 
— — 


[i 
N y 
0 
77 
; 


The Log. Sine of 1 Deg.ͤ— 352418453 

The Log. of R 137581220 

The Log. of R? —2 8,9662899 

The Log. of à ſubltract —— 03 84299 
R z 

The Log. of — 8,9278600 


Firſt, THE Number anſwering this Log. is 
0,084697, and gives the Bigneſs of the Arch NQ, 
and the Kr is leſs than the zooooth Part of a 
Degree. 


U 3 Secondly, 
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Lecture Secondly, SUPPOSE the mean Anomaly is 45 De- 
XXIII. grees, and I am to find the Anomaly of the 
X Eccentrick. : 


The Log. of Eccentricity — $,9663226 
The Log. Sine of 459 ——— 9,8494850 
The Log. of R — I,7581220 


The Log. of Ræ _ 0,57 296 
The Log, of 2 ſubſtract — 1 4 
R A ij 


The Log. of 8 0,5464047 


To which anſwers the Number 3,5199, which is 


more than the Truth, by about 150th Part of a 
Degree : And to correct this Error, rake the ſecond 
Ra 2Rc X23 

Term of the Series — — . — » Which 
will be found equal to the Fraction 00065, and 
ſubſtract this from the firſt, there will remain 
355 124, Which expreſſes the Arch NQ_ true to 
the 100000th Part of a Degree. 

Thirdly, LT us find out the Anomaly of the Ec- 
centrick, when the mean Motion is 100 Degrees; 
In this Caſe a= 1 -f = 0,983930- 

The Log. Eccentricity, or of g 3, 9663226 
The Log. Sine of 1000, or of 80 9,993 3515 


The Log. of R 17581220 
The Log. of R „ 175961 
The Log. of 4 ſubſtract — 99929598 


WI” were aa i Adis le. 


Error, double the Log. of 2 and to the Product 


26d the Log, of ==, and we ſhall have the Log: 
4 | of 


* 
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; | 
of =, and the Number anſwering to it, is we 
R 23 WWW 


004552) whoſe Half 0,02276 is equal to = 


This being ſubſtracted from the former, there 
will remain 5,2841 for the Arch NQ_; which is 
not the 10000th Part of a Degree diſtant from 
the Truth. Tis here to beobſerv'd, that though the 
f Ra+2Rcx 2? 
- ſecond Term of the Series be — - — 


23 


R 
yet the Part of it — A is ſufficient to determine 


AQ truly to the 10000th Part of a Degree. 

AVING found the Arch AQ, or the Angle 
ACQ, we compute the Angle ASQ by the Re- 
ſolution of the Triangle Q CS, whole Sides QC 
and CS are given, with the Angle contained be- 
tween them ; and then the Logarithm Tangent of 
the Angle ASQ is to be diminiſhed, by taking 
from it the Logarithm of the Ratio of the greater 
Axis — the _ : And _ wy w__ _ Fs 
logarithmick Tangent of the „ Which 
is the true or coequated Anomaly. 
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LECTURE XXIV. 


Sir ISAAC NEWTON's Solution 
of Kepler's Problem; and Ward's 
Elliptick Hypotheſis explained. 


UR Method of Solution, explained in 
dhe preceding Ledure, and that of Sir 
el Isaac NEwrToON's. delivered by him 
in his Principles, pag. 1or, are built 
upon the ſame Foundation; which is, 
that the right Line SF is equal in Length to the 
Arch Q N : But the Newtonian Method is not unlike 
to that uſed by the Analyſts, when they extract the 
Roots of affected Equations: And it is fo much 
more to be valued, that it not only gives eaſily the 
Planets Places, whofe Orbits are nearly circular, but 
almoſt with the fame Eaſe it may be uſed to deter- 
mine the Comets Places, who have very eccentrick 
Orbits. And this may likewiſe be performed by our 
Method, if inſtead of the Arch AN, we take ano- 
ther Arch A, more nearly equal to AQ , whoſe 
Sine is e; and inſtead of making x e, ſuppoſe 
z=ze+A— AN. And finding the Sine of the 
Arch A+ y we fhall come to an Equation of the 
fame Form with the farmer, where z and y are 
much leſs, and conſęquently the Series will converge 
much faſter. g 
[ will here explain the Newtonian Method, ſince 
it 1s of great Uſe and Expedition, for the Sake of 
thoſe who are willing to calculate Tables upon Prin- 
ciples grounded on the true Laws of Motion, and 
not upon abſurd Hypotheſes. 5 
4 1 
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W have already ſhewed that if the Arch, Lecture 
AQ be the Anomaly of the Eccentrick, that, to- XXIV. 
gether with the right Line 8 F let fall from S 
upon the Radius CQ per ndicularly, will be pro- 
portional to the Time when the Planet deſcends Tab. XXII 
from the Aphelion to the Perihelion; and the Dit- Fig. 1. 
ference between the Arch BQ and SF pro- 
portional to the Time, when it aſcends from the 
Perihelion to the Aphelion : And therefore, if we 
take the Arch AN or BN proportional to the 
Time, the Arch Q N will be equal to SF. 
Therefore, to find in Degrees and decimal Parts 
the Meaſure of an Arch in the Periphery which 
is equal to SF: Say, as CQ is to CS, ſo is 
57529578 Degrees, which is equal to the Radius, 
to a Fourth: This Number will expreſs the Big- a> 
neſs of an Arch in the Periphery A Q B which is 
equal to CS: The Log. of this Arch call B. And 
becauſe SC is to S F, as the Radius is to the Sine 
of the Angle AC Q fay, as the Radius is to this 
Sine, ſo is the Arch whoſe Log. is B, to another, 
which call D; then this Arch D, will be equal to 
SF. And therefore, if at the given Time, the Arch 
AN and the Area ASQ are proportional each to 
the Time, and I take NP equal to D, the Point 
P will fall on Q: But if the Area ASQ be not 
exactly proportional to the Time, the Point P will 
either fall above or below Q, according as the 
Area ASQ is bigger or leſs than the Truth. Let 
the true Area be A S4, and upon Cq let fall the 
® Perpendicular 8 E; which, by what we have alread 
$ ſhewed, is equal to N: And therefore 8 E— 8 
or SF — SE, that is, nearly the Line LE, is equal 
Frog P—=QP—Q qorQ 7 — Te. Now, if 
the Angle QC be ſmall, we have CE: C4 :: 
LE: 12 Q — N : Q 94. And therefore 
EC E + :Cq::QP:Q 4 After the fame 
way, when By is leſs than a Quadrant, Cq—CE: 
©9 :: QP: Q7 When the Planet is near the 
Apbelion or Perihelion, C E becomes nearly equal 
0 CS; and CQ+CE is almoſt the fame with 
po: And therefore QP: Q:: AS: AC, . 
* che | 
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Lecture the Arch Ag is leſs than a Quadrant, but when 
XXIV. B 2 is le — a Quadrant, then as SB A *5 #4 


[[ 9. AST! CL HG Row to 
a Line L, and then CQ = * Allo the 


Radius is to the Co- ſine of ACQ as SC: CF 
or C E, which are nearly equal: Wherefore 


E= Q whence we have the 


| SCxL+SCx Co-[. A 
Analogy QP: Q:: 2 — 


D L.: LA Colne AQ: L; when AQ is 
leſs than a Quadrant: But if it be greater than a 
Quadrant, QP will be to Q:: L — Co-fine 
AQ, L. And in this Manner, if there be an 
Arch taken as A 4, which is either a little leſs or 
bigger than the Truth, we ſhall find the Arch AQ, 
which is to be added or ſubſtracted ; ſo that the 
Area ASQ may be nearly proportional to the 
Time. And if inſtead of AQ we take another 
Arch AQ, and argue as in the former Arch, we 
ſhall have a new Ag, nearer to the Truth: And 
by this Means, we ſhall conftantly approach to the 
true Arch, ſo that the Difference may be leſs than 
8 Quantity. 

HERE is no need of explaining this Method 
any farther, we will only illuſtrate ic with Ex- 
amples, in the Motions of the Planet Mars. In 
Mars's Orbit the Logarithm B, is 0,724.4446 ; and 
the Longitude L, is 1080631 of ſuch Parts as the 
Radius is 100000. 

LET us find the Angle ACQ , when the mean 
Anomaly or Arch proportional to the Time is 
only one Degree: Becauſe CS is almoſt the tenth 
Part of CA. I ſuppoſe AQ to be o, 9 Deg. that 
is a tenth Part leſs than the mean Anomaly. Add 
the Log. Sine of 0,9 to the Log. B, and the 
Sum is 8, 9205466 = to the Log. of the Number 
83281; this Number expreſſes the Bigneſs of 

| _ 
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an Arch equal to SF=NP: And if the Arch Lecture 
AQ had been rightly afſum'd, AN — NP had XXIV. 
been _— to AQ, and Q P=0o. But in tb 
reſent Caſe, QP is equal 0,01671 ; from which, if 

take away its tenth Part, becauſe A S is greater 
than A C, by about a tenth Part, we ſhall have 
Q q==0,01504, which being added to AQ , gives 
hy r 

2dly, LET the Arch AN, or the mean Ano- 
maly be 2 Degrees; I ſuppoſe the Arch AQ to 
be 1,83, almoſt double of the former ; and adding 
to its Log. Sine the Log. B, the Sum is 9,2286992, 
the Log. of the Number o, 16931. And then 
Q P== 0,00069 ; from which, ſubſtracting a tenth 
Part, Q q is nearly = 0,00063, and A 4 163063, 
which is not the xooooth Part of a Degree different 
from the Truth. 

zaly, SUPPOSE the Arch % N N to the 
Time, to be three Degrees, I take AQ to be 2,745 
= 1,83 + 0,915; and to its Log. Sine, adding the 
Log B, we have the Log, of the Number 0,25392 
= NP, and AN — N P = 2, 74638, therefire 

q = 0,001 nearly, and Af = 2,746: So that 
by one Addition of two Logarithms, we have the 
Arch A 4, true to the thouſandth Part of a Degree. 

4thly, Now if we ſhould not proceed by ſingle 
Degrees, but were to find the Angle ACQ , when 
the mean Anomaly is much larger; for Example, 
45*: I make my Suppoſition, that the Arch AQ , 
is 40 Degrees, and to its Log. Sine, add the Log. 
B; the Sum is 0,5320121, equal to the Log. of 
the Number 34081, which Number ſubſtracted 
from 45, leaves AN—NP= 41,5919, which 
exceeds the Arch AQ by 15919. And therefore, 
if we take as L- Co- ſine AQ to L, fo 1,5919 ta 
to a Fourth, we ſhall have the ArchQ 4 1,4.865. And 
therefore A q = 41,4865, which does not differ 
| much above the thouſandth Part of a Degree from 
4 the Truth. Bur without this Proportion we might 
q have found A, by taking an Arch which is ſome- 
what leſs than AN —NP, but nearly equal ro 
je. Suppoſe we had made AQ= 4135, 2 
aing 
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oe ding its Log. Sine to the Log. B we ſhall have an- 
XIV. on. Arch NP "= 55 L 32, which 7 oe. 
A ives 41,4868, for a new f nd this 
| Arch 5 2. Bund, than by the * Propor- 
tion; and beſides, comes nearer to the Truth, than 
the laſt A was. | ee wh | 
5 h, AFTER having found A , or the Anomaly 
of the Ecceatrick, that anſwers to the mean 
Anomaly of 45 Degrees; it we ſhould again 
proceed by ſingle Degrees, by only one Addi- 
tion of two Logarithms, we may find the Ano- 
maly of the Eccentrick, to all the following De- 
grees of the Semicircle, viz. when the mean Ano- 
maly is 46 Degrees, I make AQ to be 42,4, and 
adding its Log. Sine, to the Log. B, I find 
AN—NP 42-4249 3 to which, if I make the 
new AQ equal, I ſhall have an A 4, which is not 
Ioooth Part of a Degree diſtant from the true 
Anomaly of the Eccentrick. So likewiſe, when 
the mean Anomaly is 47 Degrees, I take AQ 
4336 = to the former Aq+the Increment that 
accrues to it, by adding a Degree: And adding 
the Log. B, to the Log. Sine of 43,36, the Sum is 
the Log. of the Number 3,6402, which ſubſtracted 
from AN, leaves AN — N P== 43,3598, equal to 
a new Aq: And this Arch is about the ro0000th 
Part of a Degree, different from the true Anomaly 
of the Eccentrick. | 
6thly, IF again, paſſing over the intermediate 
Degrees, I would find the Arch A 7 when the 
mean Anomaly is 100 Degrees; I make AQ 
equal 96 Degrees, and adding its Log. Sine to the 
conſtant Log. B, the Sum is the Log. of the Num- 
ber 5,273, and AN—NP= 94,727. There- 
fore I put again AQ= 94,72, and adding toge- 
ther its Log. Sine, and the Log. B, I have the Log. 
of the Number 5,285, which ſubſtracted from 
AN, leaves Aq= to 94715. In like manner, 
when the mean Anomaly is 101 Degrees, I make 
- AQ 95371; and I find N P, to be 5, 2756, which 
ſubſtracted from 101, leaves A q 9557244. And 
here again, if we proceed by Degrees, we * 
| ave 
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have the eccentrick Anomaly, conſtantly by the Lecture 
Addition of two Logarithms, one of which being XXIV. 


conſtantly the ſame, may be ſet once down in a 
Piece of Paper by itſelf, and the Labour fav'd of 
frequently tranſcribing it. | 

LE r us now pals to another Sort of Orbit, 
whoſe > nag? bears a great Proportion to its 
mean Diſtance. For Exatnple, Let us 11 the 
Aphelion Diſtance, to be to the Perihelion Diſtance, 
as 70 is to 1; and ſuch is nearly the Orbit of 
that Comet, which Dr. Halley firſt found to com- 
pleat its Period in 751 Years. Here A Cor CQ, 
the mean Diſtance, is 35,5, and CS is 345, of ſuch 
Parts as SB is 1. And the conſtant Log. B is 


1,7457133. We muſt find the Arch B 4, when Tab. xx11, 
the mean Anomaly computed from the Perihelion, Fig. 6, 


is 185 of a Degree. I ſuppoſe BQ to be 0,35: To 
its Log. Sine, add the Log. 'of B, and the Sum is 
the Log. of the Number 0,34013, which added 
to the Arch A N, makes ,35013. If this Arch 
had been only 35, B Q had been rightly taken ; 
but the. Difference is 0,00013. And therefore be- 
cauſe CB is to SB, as 35,5 to 1; multiply the 
Difference ,00013 by 35,5, and we ſhall have Q 4 
== 5004615, and the Arch Bqz= o, 354615; and 
the Error leſs than ,0003 of a Degree. Again, 
let the mean Motion be 02, I put BQ= 0,71, and 
adding its Log. Sine and B together, I have the 
Log. of the Number 0,68998, and BN NP 
== 370998 : The Difference is 0,00002 ; which mul- 
tiply by 355, and the Product ſubſtracted from 
BQ, leaves Bq = 0,7092; and the Error is not 
greater than the 18 Part of a Degree. If the 
mean Anomaly be 0,03, I make BQ = 1,06, and 
adding its Log. Sine to B, I have the Log. of 
the Number 1, o 3008, to which add the Arch BN; 
the Sum is 1,060088, which is greater than BQ: 
Wherefore, if the Difference ,o0008, be multi- 
plied by 35,5, and the Product added to B Q, 
we ſhall have Bq== 1,06284. In the ſame man- 
ner, when the mean Anomaly is og, I ſuppoſe 
BQ 1,4, and I find PN = 133604, to which 

| adding 
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Log. Sine to B, I have the 
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adding ,04, the Sum is T4004 which exceeds 1 
by ,0004.;3 multiply this rence by 35,5, an 
the Produg will be 50142 =Q 9, and therefore 
B72 = 1,4142. In all theſe Examples, the Errors 
= 52 ſmall, ſeldom exceeding the 1oooth Part 

a Degree. | 

LET us now find the Anomaly of the Ec- 
centrick, when the mean Anomaly is one Degree. 
Here I make BQ 20 be Leg and adding its 


. of the Number 
19,045, to which adding 1 the Sum is 20,045; 
and is greater than 20 by ,045. And becauſe. in 
this Example, L Co- ſine BU is to L, as 1 is to 
1155 2 I multiply the Difference ,045 by 
11,5, and the Product 0,5175, added to B Q, makes 
20,5175. Therefore 240% 1 make BQ 20,51, and 
NP will be 19,5092; to which, adding B N, the 
Sum is 20,5092. And therefore, if the Difference 
,0008, be multiplied by 11,5, and the Product 
0092, ſubſtrate | from B Q, there will remain 
q == 20,5008. | 
4 LET the mean Anomaly be 2 Degrees; 
I put B Q = 30 Degrees, and then I find N P 
27584; to which adding 2, and the Sum is 29,8 
which is leſs than 30 Degrees: Multiply the Dit: 
ference ,16 by 6,3, (for L— Co-ſine BQ is to I., 
as 4 — 1) and we have 1,008 == Q And 
therefore, this Arch ſubſtracted from gives 
Bq== 28,982. Therefore, to correct the Error, I 
ut again B Q == 29 Degrees; and by a like 
roceſs, I find Bq = 28,9672. Having found the 
Angle A C the Angle ASQ is eaſily found. 
For in the Triangle QCS, we have the Sides 
QC, CS, and the Angle QCS: Therefore we 
ſhall fad the Angle AS Q, and the Side SQ; 
then ſay, as the greater Axis of the Ellipſe is to 
its leſs, ſo rhe Tangoor of the Angle ASQ , is to 
the Tangent of ASP, which will thereby be 
found; and it is the coequated or true Anomaly. - 
Again, ſay, as the Secant of the Angle AS Vi 
to the Secant of ASP, ſo is SQ to 8 P, the Di- 
ſtance of the Planet from the Sun. Or perhaps 
| thele 
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theſe Things may be eaſier computed in this Man- 
ner. Having the Arch AQ , we have its Sine 
QH, and its Co-ſine H C: But we have SC, in ſuch 


Parts as the Radius, or CQ is 100000; therefore 
we have HS. Say, as the greater Axis of the El- 


lipſe is to its leſs, ſo is QH to P H, which will 
therefore be given. In the re le Triangle PH d, 
we have alſo the Sides PH and HS, wherefore we 
can find PS H the true Anomaly, and PS the 
Diſtance of the Planet from the Sun. 

BECAUSE in the Aphelions and Peribelions, the 
Points Q and N, or the mean and true Place of a 
Planet coincide; and in the firſt Semicircle of 
Anomaly, the mean Place is before the true Place, 
in the ſecond, the mean Place is behind the true; 
if we have determined the Poſition of the Apſudes 
of the Earth's Orbit, we ſhall know the Time when 
the true and mean Place coincide. For when the 
Sun is obſerved in that Point of the Ecliptick 
where the Peribelion is, then the Earth is in the 
Aphelion. And having this Moment of Time, by 
Aſtronomical Tables, we ſhall have the mean Ano- 
maly for any other Time, as likewiſe the Arch AN. 
For theſe Arches are computed according to the 
Proportion of the Times, and are placed orderly 
in the Tables. Now having for any Point of Time 
the Arch AN, we have ſhewed, how from thence 
we may compute the true Anomaly, and the Place 
of the Earth in the Ecliptick, to which the Place 
of the Sun is always oppoſite. 

BEgs1DEs the Theory of Kepler, according 
ro which the Planets do really 5 their Mo- 
tions, there is another elliptick Hypotheſis, which 
has been chiefly improved by two moſt celebra- 
ted Aſtronomers, 7 Bullialdus, and Dr. Seth 
Ward, formerly Profeſſor in this Chair, and af- 
terwards Biſhop of Salisbury, by whofe Pains 
Aſtronomy has been much advanced. And fince 
this Hypotheſis does not want Elegance, and a 
A Geometry; and beſides, it admirs of 
an Eaſineſs in computing, we will here briefly 2 

plain 
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Lecture plain it. In this Hypotheſis with Kepler, it is ſuppoſed, 
XXIV. that the Planets Orbits are Ellipſes, and that they 
have all one common Focus, in which the Sun re- 
| ſides. Moreover, they ſuppoſe, that each Planet does 
move in the Periphery of its Orbit, in ſuch a Man- 
ner, that drawing Rays or Lines to the other Focus, 
they deſcribe Angles proportional ro the Times. 
Theſe Things being ſuppoſed, Dr. Ward ſhews an 
elegant Merhod of finding the true Anomaly from 
the Mean, having determined the Species of the 
Planet's Orbit; And it is as followeth. 
Tab. XXIII LET AP B be the Ellipſe which the Planet 
Fig · 2. deſcribes, AP the Line of the Apſides, S the Fo- 
cus, in which the Sun is placed, F the other, or the 
upper Focus, which is the Center of equal 
Motion. Let the Angle AF L be proportional to 
the Time, or be the mean Anomaly, then L will 
be the Place of the Planet in its Orbit, and the 
Angle ASL, the co-equated or true Anomaly. 
Produce FL to E, ſo that FE may be equal to 
AP the greater Axis of the Ellipſe; and therefore, 
ſince by the Nature of the Ellipſe, FL and LS are 
equal to the ſame AP, then LE muſt be equal to 
LS, and the Triangle LSE will be an Iſoſceles 
Triangle; and therefore the Angles E and ES L 
are equal; and the exterior Angle FL &, being the 
Sum of both, will be the double of each, or double 
of the Angle LES. Therefore, in the Triangle 
E FS, having FE and FS, and the Angle EF ) 
which is the Complement of LF A to two Rights, 
we can find the Angle E, whoſe double, is equal to 
the Angle F LS, which therefore will be known : 
But the Angle AFL, is equal to the two Angles 
FSL and | LS, and therefore the Angle F LS, 
is the Proſthaphereſis or the Equation; which is to 
be ſubſtracted from the mean Anomaly, or added 
to it, to have the true Anomaly. 
IN reſolving the Triangle E Ps, having E F and 
FS, the Analogy is 1 EFT 1 FS: TE F— FS; 
that is, as AS to SP:: Tang. f AF E: Tangent 


: Difference of the Angles E and FSE; but 
| be- 
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becauſe the Angle E is LSE, FSL is the Diffe- Lecture 
rence of the Angles E and FSE; wherefore the XXIV. 
Angle, found by the Analogy, being doubled, gives the 
Angle FSL, which is the true Anomaly. Now the 

Practice here is extremely eaſy; for becauſe AS 

and SP are conſtant Quantities, the Difference of 

their Logarithms is a conſtant Quantity; wherefore 

a given Number is to be added to Log. Tangent of 

half the mean Anomaly, and then we ſhall have the 

hg ont of half the true Anomaly. Moreover, in 

the Triangle L FS, having all the Angles, and the 

Side 8 F, we can find S L the Diſtance of the Planer 

from the Sun. | 

THIS Hypotheſis of Dr. Ward's is a very uſeful 
Approximation, and ſerves to ſhorten the Calcula- 
tion, and make it eaſy: Bur yet it is ſtill only an 
Approximation, and does not come up to the Truth : 

e will here ſhew the Reaſon of it. Let AP B bePlatexx111, 
the Orbit of the Planet, AQB the Circle circum- Fig. 3. 
ſcribed; the Arch AQ the Anomaly of the Eccen- 
trick, and AN the mean Anomaly. From the Cen- 
ter C draw NC, and QG parallel to it; the Angle 
QA is equal to N CA, or the mean Anomaly ; 
and CG will be nearly equal ro CS, bur a little 
leſs than it. For from the Focus 8, on QC let fall 
the Perpendicular SF, which we ſhewed before to 
be equal to the Arch QN : But becauſe the Arch 
QN is ſmall, its Sine will be almoſt equal to the 
Arch; and therefore G O, a Perpendicular on NC, 
will be nearly equal to S F, but ſomewhat leſs. Bur 
the Triangles GO C, and SFC, are nearly equian- 
gular, (for NCQ, the Difference ot the Angles 
GCO, and SCF, is very ſmall) and therefore, 
becauſe O G is almoſt equal to S F, but a little leſs 
than it; CG will be almoſt equal to CS, but 
ſomewhat leſs. The other Focus of the Ellipſe then, 

ö muſt be a little above the Point G, but very near 
itz; and if we draw from the Planer Place the Line 
PL, parallel to QG, the Point L will be likewiſe 
above the Point G, but yet not far diſtant from it; 
and therefore, the Point L, and the other Focus of 
the Ellipſe, do nearly 3 But the Angle PLA 
18 
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Lecture is equal to N CA, the mean Azomalia; and the 

XXIV. Point L, nearly 3 with the other Focus, 

WAYS the Line drawn from P to the other Focus will make 
an Angle with the Axis, nearly equal to the Angle 
PLA, or NCA, that is, to the mean Anomaly. 
And therefore the Angles, at the ſuperior Focus, are 
nearly proportional to the Times. 

HERE the Angles N CA and QCA, or SCF, 
differ but little from one another, that is, where the 
AngleN COQ and the Eccentricity are but ſmall, the 
Points G and L, are nearly coincident with the ſu- 
perior Focus. And therefore this Thy is accurate 

4 enough to anſwer to the Motion of the Earth, whoſe 

| Orbit is nearly circular : But in the other Planets, 

and particularly Mars and Mercury, it does not do 

ſo well. And therefore, Ballialdus, from four Places 

of Mars, obſerved by Tycho, in the firſt and third 

Quadrant of Anomaly, found, that Mars was further 

advanced in his Orbit, than he ought to be by this 

Theory. But in the ſecond and fourth Quadrants, 

Mary's true Anomaly was found to be leſs than it 

ſhould be, according to this Hypotheſis ; and there- 

fore Bullialdus gave it the following Correction. 

Upon the Diameter AP, which is the greater Axis 

of the Ellipſis, deſcribe the Circle ADP. Let AFL 

FlatexXIII. He the mean Anomaly; through L draw the Line 

Fiz. Q G perpendicular to the Axis, meeting with the 

Circle in Q. Join FQ , which cuts the Ellipſe in Y, 

and F will be the Place of the Planet in its Orbit, 

anſwering to the mean Anomaly AFL. Now the 

Angle AFQ, anfwering to the mean Anomaly 

AFL, is ealily found by taking an Angle whoſe Tan- 

gent is to the Tangent of AFL, as the greater Axis 

of the Ellipſe is to the leſſer. And having the An- 

gle AFQ, or AF V, the Angle AS Y is found in 

- * Manner as before the Angle ASL was 
nd. | 

TRE Calculations we have here explained, ſup- 

poſe that the Species, or Forms of the Orbits are 

given, as likewiſe their Poſitions. We ſhall after- 

wards ſhew a Way by which the Orbits of the other 

Planets are determined : But the Form and _— 
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of the Earth's Orbit is to be found by the following Lecture 
Methods. Firſt, obſerve the apparent Diameter of XXIV. 
the Sun, as likewiſe his Motion; for when the Eart 
is in its Apbelion, the Sun's Diameter is the leaſt of 
all, and his Motion floweſt ; the Earth being there 
at the greateſt Diſtance from the Sun. In the Pe- 
ribe lian, it coming neareſt the Sun, we ſhall obſerve 
his Diameter to appear biggeſt. Let any right Line 
SP, repreſent the Peribelion Diſtance of the Sun: Plate x xi 
Say, as the apparent Diameter of the Sun in the Fis. 4. 
Aphelion is to its apparent Diameter in the Perihe- 
lion, ſo is SP to a Fourth. In SP produced, take 
S D equal to this Fourth, and it will be the Apbe- 
lion Diſtance; biſect PD in C, and CS will be the 
Eccentricity, and C the Center. Deſcribe an Ellipſe, 
whoſe Focus is 8, and greateſt Axis PD; that Ellipſe 
will be of the ſame Form with the Earth's Orbit ; 
and the Points of the Ecliptick, where the Sun's 
Diameter appears. the biggeſt and the leaſt, ſhew the 
Pofition of the Apſides, or the Aphelion and Peri- 
helion. Bur becauſe the Diameter of the Sun, in 
the Aphelion and Perihelion, is ſcarcely ſeen to alter 
its Bigneſs for ſome Days, it will be very difficult to 
determine the Poſition of the Apſides, by Obſerva- 
tions made on the apparent Diameter of the Sun 
only; and therefore, it will be better to find out 
the Aphelion, and Perihelion Diſtances and Poſitions, 
Y obſerving the Sun's Motion : For the angular 
elocity of the Earth, and the apparent Motion of 
the Sun, which is equal to it, is always reciprocally 
as the Square of the Diſtance, as we have above de- 
monſtrated. 
THEREFORE, to determine the Species of the 
Ellipſe, in which the Earth moves, we muſt obſerve 
the apparent Velocities of the Sun when it is greateſt 
and leaſt. Call the leaſt A, and the greateſt B; and 
let any right Line SP, repreſent the Perihelion Di- 
ſtance : Say, as A is to B, ſo is SP to another Line 
C. Produce SP to D, ſo that SD may be a mean 
Proportional between SP and C; this Line S D will 
repreſent the Aphelion Diſtance : And therefore, if 
the Ellipſis be deſcribed, whoſe Focus is 8, and its 
| S 3 greater 
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greater Axis PD, that Ellipſe will be of the fame 


orm with the Earth's Orbit. For becauſe S P, S D, 


aud C, are continually proportional, P'S ſquare, 


will be to DS ſquare, as SP is to C, or as A to B, 
that is, as the Velocities. Moreover, if the Places 
of the Ecliptick be diligently marked, where the 
Velocities are greateſt and leaſt, in thoſe Points will 
the Apſides be ſituated. Laſtly, If there be two 
Places of the Ecliptick obſerved, where the Sun's 


apparent Velocities are equal, and the Arch of the 


cliptick between the two Places be biſected, the 
Point of Biſection, and its oppoſite, will ſhew the 


Places of the Apſides. But theſe Methods require 


Obſervations that are very nice and accurate, ſuch 
as can ſcarcely be made. 

FROM the The of Dr. Ward, we have a more 
certain Method of finding the Form of the Orbit, by 
three Obſervations of the Sun, and marking the Time 
between them; which does likewiſe determine the 


Plate xXIII. Poſition of the Apſides. Let ABP DC be the Or- 


Fig. 5. 


bit of the Earth, S the Focus in which the Sun is 

laced, F the other Focus: The Apſides A and P. 
15 B, C, and D, be three Places of the Earth in 
the Ecliptick, which are found by obſerving three 
Places of the Sun, to which they are oppoſite. At 
the Center F, and Diſtance FM, equal to the greateſt 
Axis of the Ellipfe, deſcribe the Circle MH EL; 
and let the Lines FB, FC, FD produced, meet 
with the Circle in the Points G, H, E. Draw like- 
wiſe from the Focus S, the Lines SB, SC, SD, as 
alſoSG, SH, and SE. We have the Angles BS C, 
BSD, and CSD, for they are meaſured by the 
Arches of the Ecliptick, intercepted between the 


Points obſerved. But, according to this Theory, the 


Earth moves in the Perimeter of an Ellipſe in ſuch 
a Manner, that it deſcribes Aygles about the Focus P, 
that are proportional to the Times: And therefore 
we ſhall have the Angles BF C, BFD, and CFD, 
taking each of them ſuch, that they may have the 
ſame Proportion to four right Angles, as the Times 
between the Obſervations have to the whole periodi- 


cal 
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cal Time. Moreover, twice the Angle FG S, that Lecture 

is, the Angle F BS, is the Difference of the Angles XXIV. 

AFB, and ASB: This we ſhewed before. And 
the Double of the Angle FHS is the Difference of 
the Angles A F C, and ASC; the Difference of the 
les BF C, and BS C, will therefore be equal to 
GS+2FHS. But becauſe we know the An- 
es BFC, and BS C, we know likewiſe their Dif- 
ence; therefore, we have the Sum of the Angles 
F G8, and FHS. But the Angle FGS is the Dif- 
ference of the Angles B F A, and GSA; and the 
le FHS, is the Difference of the Angles H F A, 
and HSA: Whence both the Angles 50s, and 
FH 8, will be equal to the Difference of the Angles 
B FC, and GSH. But we have the Angle BFC, 
and the Sum of the Angles FG S, and FHS; and 
therefore we have the Angle GSH. In the ſame 
Manner we can find the Angle GS E. Alfo, in the 
fame Manner, the Angle FE S doubled, is the Diffe- 
rence of the Angles DF A, and DSA; alſo the 
Double of the Angle FHS is the Difference of the 
Angles CF A, and CS A. And therefore, twice the 
\ Angle F ES— twice the Angle FHS, will be equal 
| to the Difference of the Angles CF D, and CS D; 
but we have the Angles CF D, and CSD: And 
therefore, we have half their Difference, that is, 
FES FHS. But the Angle FES —FHS, is 
the Difference of the Angles CFD, and HSE; 
and we have the Angle CFD ; wherefore, we have 
the Angle HSE. e have therefore, all the An- 
ples at F, viz, BFC, BFD, CFD, and all the 
_ at 8, viz, BSC, BSD, CSD; as alſo 
| 2 H, GS E, HSE. Theſe Things being laid 

. own, 

1 ExPREss the Line SH by any Number, wiz. 
| 100000, and produce E &, till it meets with the Pe- 
2 in L, join HL, LG, and HG. In the 
riangle HSL we have the Angle HSL, the 
Complement of HSE to two Rights: And the 
Angle HL S, equal to half the Angle H F E, by the 
20th Prop. El. III. and the Side HS 100000; 
wherefore, we ſhall find the Side S L: Then in the 
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Lecture Triangle 8 LG, we have the Angle LSG, the 
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XXIV. Complement of the known Angle ESG to two 
Rights; and the Angle SL G, being half the An 


le 
EFG, by the 2oth Prop. El. III. and the Side IN 
therefore we ſhall find SG. And again, in the Tri- 
angle SHG, we have the Sides 81 and 8 G, and 
the Angle HSG; and conſequently we ſhall find 
the Side H G, and the Angle SH G. In the Iſoſceles 
Triangle H F G, we have the Angle HF G, and the 
Baſe HG; wherefore, we ſhall find the Side H F, 
which is equal to the greater Axis of the Ellipſe; as 
alſo the Angle G H F, which being ſubſtracted from 
the known Angle G HS, leaves the Angle FHS 
known. Laſtly, In the Triangle F HS, having FH, 
and HS, and the Angle FHS, we ſhall find the 
Side SF, and the Angle HSF; from which ſubſtract- 
ing the Angle HSC FHS, there will remain the 

Angle CS F, which ſhews the Poſition of the Apſides. 

Tris Method does ſuppoſe, indeed, that the An- 
gles at the ſuperior Focus be always proportional to 
the Times, which is not true. Bur in the Orbit of 
the Earth, whoſe Eccentricity is ſmall, the Angles 
that are really deſcribed at that Focus differ ſo little 
from the Angles that are proportional to the Time, 
that no ſenſible Error can ariſe from thence, in de- 
rermining the Species and Poſition of the Orbit. 

THE moſt celebrated Aſtronomer, Dr. Edmund 
Halley, from whoſe Labours Aſtronomy has received 
great Improvement, hath contrived a Method which 
depends on no Theory of the Earth's Motion : From 
which, by Obſervation alone, the Form and Poſition 
of the Orbit are to be determined. 

SUPPOSE the Sun at S, ABCD the Orbit of the 
Earth, P the Planet Mars, who for this Purpoſe is 
to be preferr'd, or choſen before the others. Firſt, 
Obſerve the true Time and Place, when Mars is in 
Oppoſition to the Sun; for then the Sun, the Earth, 
and Mars, are in one right Line; or if it happens 
(as it often does) that Mars has any Latitude, the 
Sun, the Earth, and Mars his Place reduced to the 
Ecliptick, are in a right Line. Let the Sun, the 
Earth, and Mars, have their Places in the Points 
2 
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8, A, and P, in the right Line SP. Since Mars his Lecture 
Period conſiſts of 687 Days, after that Time, Mars XXIV. 
will return to the Point P; and ſeen from the Sun, GWW 
he will appear in the ſame Place as before, in which 
he was ſeen alſo from the Earth: But the Earth does 
not return to A, till after 730 Days; and therefore, 
when Mars is in P, it will be in B, and will obſerve 
the Sun in the Line SB, and Mars in the Line BP. 

By obſerving the Places of the Sun and Mars, we 
have all the Angles of the Triangle PBS. And ſup- 
poſing PS to conſiſt of 100000 Parts, we can find 
the Diſtance SB, in thoſe Parts, as likewiſe its Po- 
ſition. After the fame Manner, when Mars has 
finiſhed another Period, the Earth will be in C, and 
we can find the Length of the Line 8 C, and its Po- 
fition ; and likewiſe, by the fame Method, another 
Line SD, and its Poſition, may be obtained. And 
this Means we are come to this Geometrical Pro- 
blem : Having three Lines meeting in the Focus of 
an Ellipſe, all given in Length and Poſition, to find 
the Length of the tranſverſe Axis, its Poſition and 
the Diſtance of the Foci: Which Problem, the Geo- 
meters ſhew how to conſtruct; and we, in the fol- 
lowing Lectures, will likewiſe give its Solution. 
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LECT U'R E AXY. 


Of the Equation of TIME. 


Motion, the SST, THOUGH Time be in its own Nature, 
Meaſure of \@fh We; a real REY as being endowed with 
Tims, the chief Properties of Quantity, Equa- 
© lity, Inequality, and Proportion; yet 
| to meaſure this Quantity, we mult have 
the Aid and Aſſiſtance of Motion, as a Meaſure to 
eſtimate and compare the Quantities of Times; and 
therefore Time, when it is conſidered as meaſurable, 
marks out ſome Motion: For if all Things were at 
reſt, we could by no Means know the Flux, or 
Quantity of Time, and the Duration of all Things 
would go on without Perception. 

Uniform BuT becauſe Time conſtantly lows equally, and 
Motion, the jn the ſame Manner, to meaſure it, we muſt 
E Uſe of ſuch a Motion, as is in itſelf ſimple, 
| uniform, and always going on at the ſame Rate; ſo 
that the Body which has this Motion, at leaſt as to 
its Periods, may always keep the ſame Force, and 

yet go thro equal Spaces in equal Times. 
The Motion FOR common Uſe, we muſt take that Mo- 
of Os tion which is moſt remarkable, evident to every 
rhe fitteſt Body, and plain to common Senſe; ſuch is the 
Meaſures, Motion of the Stars, and chiefly of the Sun and 
Moon, which not only, by the common Conſent 
of all Mankind, are agreed upon for this Effect, 
but by the Almighty and wiſe Creator of the 
Univerſe, are eſtabliſhed for this Purpaſe : For in 
| the 


312 ASTRONOMICAL 


Lecture 
EY, 


GEV ERS OLED S 


LI CTU NR XIV. 


Of the Equation of TIME. 


Qty; as being endowed with 
ic 


eſtimate and compare the Quantities of Times; and 
therefore Time, when it 1s conſidered as meaſurable, 
marks out ſome Motion : For if all Things were at 
reſt, we could by no Means know the Flux, or 
Quantity of Time, and the Duration of all Things 
would go on without Perception. 

Unifirm Bur becauſe Time conſtantly flows equally, and 
Motion, the in the ſame Manner, to meaſure it, we muſt 
| <<: make Uſe of ſuch a Motion, as is in itſelf ſimple, 
: uniform, and always going on at the ſame Rate; ſo 
that the Body which has this Motion, at leaſt as to 
its Periods, may always keep the ſame Force, and 

yet go thro' equal Spaces in equal Times. 
The Motions FOR common Uſe, we muſt take that Mo- 
of if Sun tion which is moſt remarkable, evident to every 
fs 227 Body, and plain to common Senſe; ſuch is the 
Meaſures, Motion of the Stars, and chiefly of the Sun and 
Moon, which not only, by the common Conſent 
of all Mankind, are agreed upon for this Effect, 
but by the Almighty and wiſe Creator of the 
Univerſe, are eſtabliſhed for this Purpale : For n 
the 
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the Scriptures we read, that God ſaid, Let there be 
Lights in the Firmament of the Heaven, to divide 
the Day from the Night; and let them be for Signs 
and for Seaſons, and for Days and for Tears. And 
therefore, by the celeſtial Motions, and chiefly by 
that of the Sun, are the Times rightly diſtinguiſhed 


and marked our. Who therefore dare ſay, that the 


Sun will not tell us Truth! The Aſtronomers are 
the bold Men who tell us ſo; for they, by their nice 
Search into Things, have found, that the Sun's appa- 
rent Motion is no ways equal ; they obſerve, that 
he now and then ſlackens his Pace, and afterwards 
quickens it again: And therefore Equal Time, which 
goes on always at the ſame Rate, cannot truly be 
meaſured by the Sun's Motion. 

 HEBgNcEe the Time which the Sun's Motion 


ſhews, and which is called the Apparent Time, is Ainction be. 


different from that Time, which flows uniformly 


and always at the ſame Rate, which is called by equal Time, 


the Aſtronomers the True and Equal Time ; accord- 
ing to which all the celeſtial Motions are to be 
eſtimated, regulated and ſettled. For, upon the 
Account of the unequal Motion of the Sun, and 
the Obliquity of the Ecliptick to the Aquator, we 
have neither Days nor Hours pertectly equal, as we 
ſhall here ſhew. 

THE ſolar Day is that Space of Time which 

fles while the Plane of the Meridian of any 

lace, paſſing thro' the Center of the Sun by the 
Earth's Revolution turning round its own Axis, 
returns again to the Sun's Center; or it is the 
Time between one Mid-day, and the next which 
comes after. Now if the Earth had no other 
Motion, but that round its Axis, all the Days 
would be exactly equal to one another, and to 
the Time of the Revolution round the ſaid Axis. 
But becauſe, while the Earth is whirling round its 
Axis, it is alſo going forward in its proper Mo- 
tion Eaſtward ; when any Meridian has compleated 
its Revolution, after having paſG'd the Sun's Center, 
its Plane will not have then paſſed through the 
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Lecture Sun, as is plain by the Figure. For let the Sun 
XXV. beS, AB phe of the Eclipticl; let the Line 
<AWSS MD, repreſent any Meridian, whoſe Plane pro- 
Tab. XXIV duced, paſſes thro* the Sun when the Earth is in 
Fig.1. A: Let the Earth proceed in its Orbit, and come 
to B, while it has compleated a Revolution round 
its Axis; and then the Meridian MD, will be in 
the Poſition d, parallel to the former MD; and 
conſequently, will not as yet have paſſed thro* the 
Sun, nor will the Inhabitants under that Meri- 
dian, have had their Mid-day. But the Meridian 
dm, with its angular Motion, muſt ſtill go on, be- 
fore its Plane can paſs thro' the Sun, and muſt 
deſcribe the Angle 4Bf. And therefore, all the 
ſolar Days are longer than the Time of one Re- 
volution round the Earth's Axis. If the Planes of 
all the Meridians were perpendicular to the Plane 
of the Earth's Orbit, and the Earth deſcribed this 
Orbit with an equal Motion, after any Meridian 
had compleated its Revolution, becauſe MD and 
md are parallel, the Angle 4Bf, would be equal 
to the Angle BS A, and the Arches df and AB 
ſimilar: And becauſe the Times are always equal, 
the Arch AB, and the Angle 4B f, would conſtantly 
be of the ſame Quantity, all the ſolar Days 
would be equal to one another; and then the appa- 
rent and equal Time would agree. But neither of 
theſe two Caſes have Place in Nature; for the 
Earth does not proceed in its Orbit with an equal 
Motion; but in its Aphehion it deſcribes a leſs Arch, 
in its Perihelion a greater. And moreover, the 
Planes of the Meridians are not perpendicular to 
I is proved the Ecliptick, but to the Æquator: And therefore, 
ID Se the Time of the angular Motion 4B f, which, be- 
bead. Aides the intire Revolution, is to be added to the 
Space of a ſolar Day to compleat it, is not always 
of the ſame Quantity; whence the ſolar Days will 
not be equal. 


The ſame is Br perhaps this may appear plainer, if we 
pens ſs from the real Motion of the Earth, and con- 
rent Motion ider the apparent Motion of the Sun; for it is 
of the Sun. by 
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by his apparent Motion, that we meaſure the Apparent Lecture 
Time. And therefore you muſt obſerve, that the XXV. 
natural ſolar Day, is that Space of Time, in which, WW V 
by the Revolution of the whole Heavens, which 

is called the Revolution of the Primum Mobile, or 

of the firſt moveable Orb, the whole Circumference 

of the Aquator paſſes through the Meridian; and 

alſo ſo much more of the ſame Circle, as anſwers 

to the apparent Motion of the Sun to the Eaſt, in 

the mean while. 


the ſame, in the ſame Time; but is ſometimes big- _ to the 
er, and ſometimes leſs than it, even tho the Sun's $5 - 
otion were equal in the Ecliptick : The Difference zchyprick. 
between them ariſes from the oblique Poſition of 
the Ecliptick to the Aquator, as is plain by the Tab.XXIV, 
Figure. Suppoſe V S a Quadrant of the Eclip-*'* 2 
tick, and E a Quadrant of the Æquator. Sup- 
poſe the Arch YA to be one Degree, which is 
nearly equal to the diurnal Motion of the Sun in 
the Ecliptick; for this mean Motion is 59/ 8”. 
Let AB be an Arch of the Circle of Declination, 
paſſing thro' the Sun in A, and intercepted be- 
tween the Aquator and the Ecliptick. In the 
right-angular Triangle Y BA, having the Side 
Y A 1 Degree, and the Angle A B, which is the 
Inclination of the Ecliptick to the Æquator, and is 
nearly 23; Degrees, we ſhall find the Side YB 
55' 1”, almoſt 5“ leſs than the Arch 7 A. Again, 
ſuppoſe the Arch of the Ecliptick J C 899. From 
thence we ſhall find the Arch of the Æquator Y D, 
880, 54 34”; but when the Arch of the Ecliptick 
TY © is 9o Degrees, then AE, the correſpondent 
Arch of the Equator, is alſo go Degrees. And the 
Difference of the Arches C, VD is 19 5” 26”. 
And the Difference of the Arches of the AEquator 
B and DE is 100 25”, altho' the Arches of the 
Ecliptick Y A and C ©, which anſwer to them, are 
equal. From which it is evident, that the my 
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Lecture of the Æquator, anſwering to equal Arches of the 
XXV. Ecliptick, are unequal: And therefore the diurnal 
www Arches of the Aquator, which paſs through the 
Meridian, are unequal ; but. they meaſure the ſolar 

Days: Wherefore the folar Days are unequal. 
The ſecond B U T the CY of the Ecliptick is not the 
Cauſe of the only Cauſe of the Inequaliry of Days; for the 
Inequality very apparent Motion of the Sun in the Ecliptick 
9 unequal; for he proceeds more ſlowly, and 
ſtays longer in the Northern Signs than in the 
Southern, by eight entire Days : And therefore, if 
there were no Obliquity of the Ecliptick, by this 
Cauſe alone, the diurnal Arches of the Aquator 
could not be equal. And therefore, their Inequality 
will be much greater, upon Account of theſe two 
Cauſes concurring together ; that is, the unequal 
Motion of the Sun, and the Obliquity of the Ec- 
liptick, which tho' they are ſometimes contrary 
to each other, and ſo diminiſh the Inequality ; as 
it happens when the Arches of the Equator de- 
creaſe, on the Account of the Obliquity of the 
Ecliptick, but by Reaſon of the Sun's approaching 
the Perigæan they increaſe, and on the contrary : 
Yet ſometimes theſe two Cauſes concur to in- 
creaſe the Inequality, and neither of them depend 
one on the other, but each of them by itſelf has its 

Effect. | 

SINCE therefore the apparent Motion of the 
Sun to the Eaſt is unequal, it cannot be a fit 
Meaſure of Time, which ſhould always go on at 
the ſame Rate. And therefore the natural and ap- 
parent Days are no ways to be applied to meaſure 
the celeſtial Motions, which do not depend upon 
the Motion of the Sun: Therefore the Aſtronomers 
found it neceſſary, inſtead of theſe ſolar Days, to 
ſubſtitute in their Place others that were equal, 
and a Mean between the ſhorteſt and the longeſt ; 
and by them to diſtinguiſh the celeſtial Motions. 
And when theſe Motions have been computed 
| according to the Equal Time, it is neceſlary to 
; rurn that Time again into the Apparent Time, 
that theſe Motions may be obleryed by us who 
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meaſure and number our Times, by the apparent Lecture 
| Motion of the Sun. And on the contrary, if any XXV. 
| Appearance in the Heavens, as for Example, an Ec- gw Wy 
2 lipſe, were obſerved according to the Apparent 


4 Time, and according to it the Aſtronomical Tables 

5 were to be examined, to fee if they did agree with 
. it or not; it will be neceſſary to turn the Apparent 
Time into Equal Time, otherwiſe the obſerved Phæ- 
 #omenon, will differ from that which is found by 


| Computation. 

BECAUSE we know no Body in Nature, 
1 which preſerves conſtantly a perfect uniform Mo- 
p tion; and yer ſuch a Motion, is only proper to 


meaſure equal Days and Hours; it is convenient 
to imagine ſome Body or Star, which moves in the 
Fquator Eaſtward, and which never quickens or 
flackens its Pace, but goes thro' the AÆquator, in 
preciſely the fame Time, as the Sun finiſhes his 
Period in the Ecliptick. The Motion of ſuch a 
Star, will rightly repreſent equal Time, and its diur- 
nal Motion in the Æquator will be daily 50% 8", 
the ſame as is the mean Motion of the Sun in the 
Ecliptick : And therefore, the equal and middle Day 
is to be determined by the Arrival of this Star to 
the Meridian, and is equal to the Time in which 
the whole Circumference of the Æquator, or 360 
Degrees, paſſes the Meridian; and beſides that 597 8”: 
And becauſe this Addition of 59“ 8” always remains 
the ſame, all theſe mean Days will be conſtantly 
equal to each other. 

SINCE the Sun goes unequally Eaſtward ac- 
cording to the Aquator, ſometimes it will come to 
the Meridian ſooner than this imaginary Star, and 
ſometimes he will touch it later than it does; and 
the Difference is that which is between the True 
and Apparent Time. And this Difference is known 
by having the Place of the imaginary Star in the 
Equator, and the Point of the Æquator, which 
comes to the Meridian with the Sun; for the 
Arch intercepted between them, being converted 
into Time, ſhews the Difference berween Equal 


and Apparent Time, which is called the Equation De Equati- 
tte of ® of Time, 


» ; % > 6 
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Lecture of Time. And it is the Tire that flows, while 
XXV. the Arch of the Æquator intercepted between the 
Point determining the Right-Aſcenſion of the Sun, 
and the Place of the imaginary Star paſles the Me- 
ridian. 
LET A Q be a Portion of the Equinodtial, 
EC of the Ecliptick, in which imagine 8 to be 
the Place of the Sun, SA a Circle of Declina- 
tion paſſing through the Sun, and meeting with 
the Equator in A, which will be the Point which 
comes to the Meridian with the Sun. Suppoſe 
m to be the Place of the imaginary Star, which 
rforms its Period in the AÆquator, with an equal 
otion: And when the Sun has arrived at the 
Meridian, our imaginary Star will be diſtant from 
it, by the Arch * A; and if the Point m, be Eaſt- 
ward of the Point A, it will come later to the 
Tab. XXIV Meridian than .it, and the 8 * Time will be 
Fig. 3-4+ faſter than the mean; but if the Place of the 
Star mm, be more Weſterly than A, it will ſooner 
arrive at the Meridian, and the Apparent Time 


24 i 
is {lower than the Mean. And the Arch of the a for 
Equator Am, converted into Time, is the Equa- : thi 
tion; which being added to, or ſubſtracted from | in 
the Apparent Time, gives the true, according as s m 
the Point w is to the Eaſt or Weſt of the Point o1 
A; and then we have the true Time. For to 1 le 
know the Poſition of the Point A, in reſpect of m, A li 


The Equati- and the Quantity of the Arch Am, take in the 
on of Time /Equator the Arch g or 2, equal to the S 
%%, or 28 in the Ecliptick; and then the Arch s m, 
+: will be the Diſtance between the true and mean 
Place of the Sun, which therefore is given by 
the Sun's Anomaly ; but the Arch As is the Diffe- 
rence between the Hypothenuſa VS, of the right- 
angled Triangle F SA, and its Side or Baſe F A, 
which may be found by Trigozometry. Moreover, 
the Arch Am is equal to either the Sum or Diffe- 
rence of the Arches As and m; and therefore 
when they are known, the Arch Am will be like- 

wiſe known, 
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MoREOVER we muſt obſerve, that in the firſt Lecture 
and third Quadrant of the Ecliptick, che Point « XXV. 
falls upon the Eaſt- ſide of the Point A: And there. 
fore the Arch A s, being turned into Time, is to be 
ſubſtracted; becauſe the Point 8 comes later to 
the Meridian than the Point A does. But in the 
ſecond and fourth Quadrants, the Point s is more 
Weſterly than A, and arrives at the Meridian be- 
fore it: And therefore, the Arch As, turned into 
Time, is to be added, to get the Time when the 
Point S arrives at the Meridian. Suppoſe, for Ex- 
ample, As be two Degrees, as it is when the Sun 
is in the 2oth Degree of Y ; this Arch, turned into 
Time, is 8 Minutes: And therefore, we muſt add 
8 to the Apparent Time,to have the Time when the 
Point S comes to the Meridian. e 
MoRE OVER, in the firſt Semicircle of Ano- 
maly, that is, while the Sun in this preſent Age, 
goes from the ſeventh Degree of &, to the ſe- 
venth of vw, the mean Motion of the Sun is 
greater than its true Motion; therefore, then the 
middle Place precedes the true Place. And there- 
fore, in all that Semicircle the Point * will be ro 
the Eaſt of the Point s; and the Arch 5, turned 
into Time, is to be ſubſtracted from the Time 
that the Point S reaches the Meridian: But in the 
other Semicircle of Anomaly, after the Sun has 
left the Perigæan, or rather the Earth the Peribe- 
lion, the mean Motion is leſs than the true, and 
then the mean Place follows the true ; and conſe- 
uently, the Point is to the Weſt of the Point 
„ and comes ſooner to the Meridian than it 
KM does: And therefore the Arch , turned into 
We Time, is to be added to the Time in which 8 
=» touches the Meridian. Having now the Diſtance 
of Time, between the Coming of the Point to the 
Meridian, and the Coming of the Point S to the 
ſame; as alſo the Diſtance of Time, between the 
Arrivals of the Points s and A to the Meridian, 
we ſhall have the Diſtance of Time, between the 
Coming of the Point m to the Meridian, and of 
the 
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Lecture the Point A's Arrival to the fame ; that is, we ſhall 
XXV. have the Difference between the Apparent and True 
Time, which is the Equation of Time. 
Two Table: Fo R the equating of Time, the Aſtronomers 
for equating compoſe two Tables; one for the Arch 5m, which 
Time. js to be entered into with the Anomaly of the Sun: 
And if the Point be Weſtward of the Point s, | 
they mark it with + or the Sign of Addition; but 
if it be on the other Side, they place — or of Sub- 
ſtraction. The other Table is for the Arch s A, 
which is the Difference between the Place of the 
Sun in the Ecliptick, and his Right-Aſcenſion. And 
the Equations of this Table are likewiſe marked 
with the Signs of Addition or SubſtraCtion, as the 
Point s is to the Weſt or Eaft of the Point A. 
The Sum of theſe two Equations, if they be of the 
ſame Kind, that is, both to be added, or both to be 
ſubſtracted; or their Difference, if their AﬀeCtions 
be of different Kinds, make up the abſolute Equa- 
tion of Time, 
. The Tempo- IHE Artiſts likewiſe make a Table compoſed 
rary Table, of both the former; but it will only ſerve for a 
Time: Yet it may be uſed for a whole Age with- 
out any ſenſible Error; for the ſame Degree of 
Anomaly keeps nearly in the ſame Degree of the 
Ecliptick, the Space of an Age: And therefore, for 
the Space of 50 Years theſe two Equations may 
be joined in one. But becauſe of the Preceſſion 
of the Equinoxes, the Sun's Apogean, in Proceſs - 
of Time, changes its Place in the pay i and 
goes Eaſterly with the Fixed Stars: And there- 
fore, in different Ages, the ſame Degrees of Ano- 
maly will fall upon different Degrees of the Eclip- 
tick: And therefore, one Table will not ſerve for 
all Ages. 
When the THE imaginary Star, by whoſe equal Motion 
folar Days we meaſure Time, goes conſtantly and uniform- 
begin to Ge ly forward to the Eaſt: But the Point A, which 
14. nean. determines the Right-Aſcenſion of the Sun, and 
marks out the apparent Time, has as it were a 
Libration, or goes backwards and forwards in 
| reſpect 
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reſpect of : Sometimes it gets to the Eaſt of , Lecture 
E ſometimes is to the Weſt of it, and ſometimes XXV. 
coincides with it. And therefore, when the Point 
A has its relative Motion in reſpe& of Eaſtward. 
the Point A is more Eaſt than the Star , and then 
the Days are longer than the mean Days, which are 
meaſured by equal Time; and the faſter the Point A 
to the Eaſt, ſo much the longer are the ſolar Days : 

or, beſides the Revolution of the whole Heavens, 
the Arch to be added, to make up the ſolar Day, is 

eater ; becauſe the Point A a greater Space 

aſtward. Hence it follows, that as ſoon as the re- 
lative Motion of the Point A begins to be Eaſtward, 
the ſolar Days begin likewiſe to be longer than the 
mean Days. I ſpeak of the relative Motion in re- 

ard of the Point , for the abſolute Motion of A 
is always Eaſtward : But when the Point A, is gone 
its fartheſt Diſtance from m to the Eaſt, then it 
begins to come back again to , and has its relative 
Motion Weſtward : But before that, the Point A 
will be for a while ſtationary in reſpect of n, in the 
middle Time between its Receſs and Acceſs; and Men the 
then the ſolar Days will be equal to the mean Days 3 ſolar — : 
and in theſe Points the 4 will be greateſt. ar ſons. 
When the Motion of the Point A, to the Eaſt, is 
quickeſt, there the Days become the longeſt ; and 

where it is the ſloweſt, that is, where the Motion 
relative to 2 is Weſtward, and greateſt, there the 

Days are ſhorteſt. In the preſent Age wherein we 
live, when the Sun is in the toth Degree of Scorpio, N 
the Point A is at its fartheſt Diſtance from to the 197 
Weſt of it; and its Diſtance then amounts to 91 
49 2 45”, and therefore the greateſt Equation in At whar 

Time, is 16“ 11”. From thence, the Days begin to Zin: of tbe 0 
increaſe, till the Sun comes to 224 Degree of Aqua- _- ( 
rius, Where it has gone to its fartheſt Diſtance from ore grearef. 
m Eaſtward, it being there removed 3 Deg. 421 

Min. whence the greateſt Equation of Time is 

14 co”: And from thence, the relative Motion of 

the Point A begins again to be Weſtward, till the 

Sun comes to the 24th * of Taurus, or the 


Bull, 
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Lecture Bull; and there the Point A is removed from m 1 


XXV. Deg. 15 Min. to the Weſt of the Star m, and the 
WY V greateſt Equation of Time is 4/ 6/7. Thence it re. 


is diſtant from m 1 D 
Equation of Time is 5 53”: And from thence it; 

otion begins to be to the Weſt, till the Sun arrive: 
at the Ioth of the Scorpion; and thereabouts it change; 


its Courſe and goes Eaſtward. It is plain, that when 


the Points A and m coincide, that there the mean 
and apparent Time muſt likewiſe coincide. Hence, 


true Time, the Hand of this Clock will always point 


of Auguſt, and the 13th of December. 


Clock will differ moſt 


16 11”. 


Ir you inquire in what Points the Equations are | 
the greateſt, the eminent Dr. Edmund Halley, who | 


for his great Inventions is never to be mentioned 
by Aſtronomers without Honour, has given us the 
Solution of this Problem. But to underſtand it, we 
muſt firſt lay down the following Lemma. 


LE MM MA. 


IF any plain Figure be 1 orthographically 
on a Plane; which is done by letting fall, from every 
Point of it, Perpendiculars on the Plane of Projection; 
the Area of that Projection of the Figure, will be ” 
the 


eg. 284 Min. and the greateſt 


6 Heigh 


„„ Figer 
T8914 Pl 


turns. again to n, and moves Eaſterly, till the Sun 
comes into the 33 Degrees of the Lion; where 4 


For 
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parallel 
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Ie Per 
if we have a Pendulum Clock, accurately and niccly 


fitted, and the Motion of the Hand ſet to equal or i 


WT ops o 
| Baſes, 4 


f the 
out the Time different from the ſolar Time ſhewed by 
a Sun-Dial; except four Times a Year, which i be Pla 
about the 4th of April, the 6th of June, the 20h 
At all other 
Times, the Hour, by the Sun-Dial, will either be 
before, or later than that ſhewed by the Hand of 
the Clock: And about the 23d of October, the 
of all from the Sun, | 
where its Motion is flower than the ſolar Time by 


Wt herefo! 


Wo cac! 
| pf the! 
Wars the 
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4 | She Figure projected, as the Co-ſine of the 
ele Planes is to the Radius. | 


Inclination 


Fon any Figure can always be reſolved into Pa- 
Wallclograms, or Triangles, whoſe Baſes are parallel 
Wo the common Section of the Planes; and there- 
Wore, they will be parallel to the Plane on which 
hey are projected : Wherefore, the Baſes of theſe 
Parallelograms, or Triangles, and their Projections 
In the Plane, are always equal to each other, and 
parallel, as we have ſhewed in Lecture XIII. Bur 
he Perpendiculars let fall from the Summits, or 
oops of the Triangles, and Parallelograms upon the 
Baſes, are alſo perpendicular to the common Section 
f the Planes, by the 29th of the firſt El. And 
berefore, the Inclination of the Perpendiculars to 
be Plane is equal to the Inclination of the Planes 
o each other. And COMIN the Projections 
ff theſe Perpendiculars will be to the Perpendicu- 
ars themſelves, as the Co-line of the Inclination of 
e Plane is to the Radius. Wherefore, every Pa- 
Wrallelogram, or Triangle, is projected into another, 
whoſe Baſe is equal to the Baſe of the Triangle, or 
Parallelogram projected; and its Height is to the 
leight of the Figure projected, as the Co- ſine of 
the Inclination of the Planes is to the Radius. But 
Triangles, and Parallelograms, whoſe Baſes are equal, 
are as the Perpendiculars let fall from the Tops upon 
= the Baſes. The Projection therefore, of each Tri- 
angle, is to the Triangle projected, in a conſtant 
and given Proportion; conſequently, all the Projec- 
tions of all the Triangles, or Parallelograms, are to 
the Figures projected in the ſame Proportion; that 
s, the Projection is to the Figure projected, as the 
Co- ſine of the Inclination is to the Radius. 

Ir the Orbit of the Earth be orchographically 
projected on the Plane of the Aquator, by letting 
fall from each of its Points Perpendiculars, the 
Projection will be an Ellipſe, in whoſe Perimeter 
the Extremity of a right Line, let fall from the Earth 
perpendicular to the Plane of the AÆquator, will 

| 1 2 conſtantly 
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Lecture CH move: And this Point, by its Motion, 
XXV. will mark out the right Aſcenſion of the Earth, » 
is Motion, according to the Aquator, as it is to h 
ſeen from the Sun; to which the right Aſcenſa Mi; 
of the Sun, ſeen from the Earth, is always equa 
Pla. xxlv. Let VA C be the Ellipſe in which the Orbi 9 
Fig. 5. the Earth is projected, 8 the Point of Projection 9 
the Sun's Center, FS the common Interſectio 
of the Equator and the Ecliptick, A any Poin 
where a Perpendicular from the Earth meets wit 
the Projection: The Angle Y SA will meaſure the 
right Aſcenſion of the Sun. Now, I ſay, that thi 
Point A, which marks out the Motion of right 
Aſcenſion, will ſo proceed in the Ellipſe Y A 
that it will deſcribe about the Point 8, elliptick Are 
proportional to the Times. For, in a given Time 
let A move through the elliptick Arch AB; dray 
the Lines AS, and BS; and the trilineal Figure 
ASB will be the Projection of the correſponden 
Area, which the Earth deſcribes in the Plane of the 
Ecliptick, in the ſame Time, round the Sun: And 
therefore, the Projection ASB, will be to the cor- ME 
reſpondent Area in the Earth's elliptick Orbit, as te 
Co- ſine of the Inclination of the Æquator, and the 
Ecliptick, is to the Radius. But in the ſame Pro- 
portion is the whole elliptick Area A C, to the 
whole Area of the Earth's Orbit: Therefore, by 


Permutation of Proportion, the trilineal Figure Po! 
ASB will be to the whole elliptick Area V AO the 
as the Area, deſcribed in the Earth's Orbit round the Ti 
Sun, is to the whole Area of the Earth's Orbic; - {ec 
that is, as the Time in which that Area in the Orbit In 
of the Earth, or the Area ASB in the Projection, fic 
as deſcribed, is to the whole periodical Time. Ol 
Therefore, the Point A moves in the Perimeter of rr 
the _ at ſuch a Rate, that it deſcribes, about 8, by 
Areas that ave continually proportional to the Times. N 

TRE ſame Things being laid down; at the Center t 
S, and Diſtance 8 A, which is a mean Proportional t 
between half the greater, and half the leſſer Axis of 2 


the Eilipſe, deſcribe a Circle; this Circle will - 
equ 
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is Circle will cut the Elliplis in four Points 


Wreateſt. Imagine a Point M, to move uniformly 
Win the Periphery of the Circle; its Motion will then 
Wrepreſent the Motion of our imaginary Star m, 
Wand will deſcribe about the Point S, circular Sectors 
that are proportional to the Time: And becauſe the 
t Area of the whole Circle, and the Area of the 
Ellipſe, are equal, the Area's of the ws $f Sectors, 
and of the circular Sectors, deſcribed in the ſame 
Time, will be conſtantly equal. Let us now ſup- 
poſe, that the Point M, in the Periphery of the 
Circle, and the Point that marks out the Sun's 
right Aſcenſion in the Ellipſe, be placed at the ſame 
Time both in the right Line SEM. Let theſe 
Points afterwards be in and A, then the elliptick 
Area LS A will be equal to the circular Sector 
MSm: And becauſe the Arch Mm is without the 
Ellipſe, the Angle MS m will be leſs than the Angle 
M 8 A, and the Difference of the Angles meaſured 
by the Arch m A, which is the Equation of Time. 
When the Point, which marks out the right Aſcen- 
ſion of the Sun, comes to the Interſection F of the 
Circle and Ellipſe; there its angular Motion round 
the Sun will be equal to the angular Motion of the 
Point m; for the Area's S un, and AS PF, are equal, 
they being both deſcribed in the ſame Moment of 
Time, and at the ſame Diſtance from 8; and con- 
ſequently, the Arch qF, is equal to the Arch mx. 
In the Point therefore, F, the Motion of right Aſcen- 
ſion, is equal to the Motion of the imaginary Star, 
or equal to the mean Motion. The ſame Thin 
may be ſhewed at G, H, and E: But it was ſhew 
before, that where the Motion of right Aſcenſion 
was equal to the Motion of the Point , that 
there the Equations are greateſt. Wherefore, in 
the Points , G, H, and E, are the Equations 
greateſt. ; 
F 


Y 3 


4 gual to the whole elliptick Area; as it is eaſy to de- Lecture 
vonſtrate from the Doctrine of the Conick Sefions : XXV. 


., G, H: The Points of Interſection ſhew the Pl. XXIV, 
igt Aſcenſions of the Sun, where the Equations are Fig. 6. 
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Lecture I you inquire in what Points the Days are 
XXV. longeſt or ſhorteſt, the ſame eminent Dr. Halle) 

has alſo given us a geometrical Solution of thi 

Which are Problem Let VS be the Ellipſe into which 
_ 22 che Earth's Orbit is projected, and 8 the Point of 
Aber tio the Sun's Center, K the Center of the Ellipſe. Pro- 
Days ar: duce KS on each Hand, fo that K G and SH, 
img and may be ro KS (which is the Projection of the Ec- 
Portege. centricity) as the Square of the Radius is to the 
Plat.XXIV. Square of the Sine of the Obliquity of the Ecliptick: 
Fig. 7 Thro' K draw V parallel to the common Section 

of the ZEquator and Ecliptick, and cut it at right 
Angles with the Line @ K W: Thro' G draw G, 
and thro H, draw FH, parallel to the Lines S v 
and Y =; and thro'S and K deſcribe the Hyperbola 
AB, whoſe Aſymtots are FG, FH. This Hyper- 
bola, and its oppoſite C D, will cut the Ellipſe in the 
Points that are required; that is, when the Sun is 
in the Points of the Ecliptick which correſpond with 
B and D, then the Days are the longeſt; and in B 
the Days are longer than in D : But the Points of 
the Ecliptick, which anſwer to A and C, give us 
the Places where the Days are ſhorteſt. The De- 
monſtration of this depends on the Motion of the 
Point that marks the right Aſcenſion of the Sun 
round S8; for it deſcribes about it Area's that are 
1 to the Times. Therefore, the angular 
ney 6 is every where reciprocally as the Square 
of the Diſtance from 8; conſequently, the Veloci- 
ties muſt be greateſt where theſe Diſtances are leaſt ; 
that is, where the leaſt Lines that can be drawn from 
S fall upon the Ellipſe; and the Velocities are the 
leaſt, where the Lines drawn from S to the Ellipſe 
are the greateſt : But by the Conſtruction, and the 
62d Prop. Lib. V. of Apollonius's Conicks, it is evi- 
dent, that the N will cut the Ellipſis in 
the Points A and C; where the right Lines SA and 
SC are the greateſt; and in the Points B and D, 
where the right Lines SB and SD are the leaſt : 
For in theſe Points the Lines SA, SB, SC, SD, 
Mo- 
tion 
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tion of the Sun, according to his right Aſcenſion, Lecture 
will be quickeſt in B and D; and therefore the XXVI. 


Days will be then the longeſt ; and the Motion wy 


being ſloweſt in C and A, the Days will be there 
the ſhorteſt, 
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LECTURE XXVI. 


Of the Theories of the other Planets. 


rr having explained the Theory 
* of the Earth's annual Motion, and 
ſhewed the Methods by which the 
Form of its Orbit, and the Poſition 
of the Apſides are determined, we 
may then, by the Help of Aſtrono- 
mical Tables, compute for any Time, the Place of 
the Earth in the Ecliptick ſeen from the Sun, and 
its oppoſite Point in which the Sun appears to be, 
as he is obſerved by us. We will now come to 
explain the Theories of the other Planets ; the Know- 
ledge of which cannot be attained without the 
Earth's Motion being perfectly known. 

BuT the Periods of the Planets, or the Times 


+ — 

oO > it - 
"A 1 ING 

| 4 35A 


they take to complete their Circulations, are to be 7. be/;o- 
found out in the firſt Place. For which Purpoſe centric and 
we muſt obſerve, that when any ſuperior Planet re 


comes to an Oppoſition with the Sun, they then 


Place of a 
Planet that 


appear in the ſame Point of the Ecliptick, ſeen is in 0ppe- 


ſition to the 
Y 4 from Sun coincide · 
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Lecture from the Earth, as they would do if the Eye 
XXVI. were in the Sun, and obſerved them from thence ; 
s dc the inferior Planets, when they are in Con- 
junction with the Sun, and are obſerved in the 
Sun's Disk: If there were an Obſerver in the 
Sun, he would ſee them in the op ſite Point of 
the Ecliptick, in which we behold them: And 
therefore, whenever a ſuperior Planet is in Oppo- 
ſition to the Sun, his heliocentrick and geocen- 
trick Places coincide: But when an inferior Pla. 
net is in Conjunction with the Sun, and is ſeen 
in his Disk, the heliocentrick and entrick 
Places are oppoſite to each other. Moreover, in 
the inferior Planets, when they are at their great- 
eſt Elongations from the Sun, the Angle ar the 
Sun's Center, contained between the right Lines 
drawn to the Earth and Planet, is nearly the Com- 
plement of the Elongation : For in Orbits which 
are nearly circular, a Line touching the Orbit is 
almoſt perpendicular to the Line drawn from 
the Sun to the Point of Contact : And therefore 
that Angle will be given. Bur we have the Point 
of the Ecliptick, in which the Earth is at that 
Time, ſeen from the Sun; and conſequently, the 
Point of the Ecliptick in which the Planet is, 
ſeen from the Sun. And therefore, in theſe Po- 
fitions, we have the heliocentrick Places of the 
Planets. | 
How to fnd 1F then any ſuperior Planet, as for Example 
nearly the Fupiter, were obſerved when he is in Oppoſition 
8 to the Sun: And again, if he were likewiſe ob- 
Planet, ſerved when he comes next in Oppoſition to the 
Sun; we ſhall have that Arch which the Planet, 
ſeen from the Sun, has in the mean Time de- 
ſcribed. Say, as that Arch is to the whole Cir- 
cumferexce, ſo is the Time between the Obſer- 
vations to a Fourth, which will be nearly the peri- 
odical Time of the Planet. After the ſame Man- 
ner, by obſerving two heliocentrick Places of an 
inferior Planet, we may nearly collect its perio- 
dical Time. I fay nearly, and not exactly; * 
| [NC 
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it is uniform, which is not true. 


ſucceſſively in the ſame Node; that is, let there be ing. 
two Obſervations, when the Planet about the ſame 
Part of its Orbit, has no Latitude, which can only 
happen when the Planet has really no Latitude, and 
is placed in its Node: The Time between the 
rwo Obſervations will be equal to the periodical 
Time of the Planet. For, becauſe all the Planets 
move in Orbits, whoſe Planes are different from 
the Plane of the Ecliptick, and the Sun is in the 
common Focus of all the Orbits, theſe Planes will 
all cut the Ecliptick, in Lines which paſs thro? the 
Sun, and in the Interſections of theſe Lines with 
the Ecliptick are the Nodes; and the Planet in the 
whole Time of its Period, can never be obſerved 
but once, in one and the ſame Node. Now the 
Nodes are either at reſt, or they have a very ſlow 
Motion, ſo that for the Space of one Period, they 
K may be eſteemed as at reſt. And therefore, if 
we know the Time between two Arrivals of a 
Planet at the ſame Node, immediately following 
each other, we ſhall likewiſe know the Time of a 
Planer's Period. | 
> By the very ſame Obſervations, if we have 
the Theory of the Earth's Motion, we can find 
the Polition of the Line of the Nodes, of the 
Points of the Ecliptick, in which that Line does 
interſect it. Let AT B, be the Orbit of the Earth, 
END the Orbit of the Planet, N S the Lino 
of the Nodes; and in the firſt Obſervation, ſup- 


pole the Earth in T, and the Planet to be obſerved, 


U 
4 


the Calculation ſuppoſes, that the Motion of the Lecture 
Planet is in a Circle, and that thro* the whole Period XXVI. 


THE following Method for finding the periodi- Ame = 
cal Time is more accurate. Obſerve a Planet twice thd of A 
ant, 


in N: And becauſe the Place of the Planet, ſeen Tab. xxv. 
from the Earth, is known by Obſervation, and the Fig: 1. 
apparent Place of the Sun, at the Times is known 
by the Theory of the Earth's Motion, we have 
he Arch of the Ecliptick, between the two 
Places, or the Meaſure of the Angle NTS. * 

tne 
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the ſecond Obſervation, let the Earth be in t, and 
the Planet in the ſame Node N, and we ſhall have, 
by the ſame Way, the Angle N? S. In the right- 
lin'd Triangle T St, we have the Sides T 8, 7 S, 
and the Angle T Sz, which is known by the Theory 
of the Earth; therefore, by Trigonometry, we can 
find the Angles 8 T, and 87 T, as likewiſe the 
Side t T: Therefore, from the known Angle 8 T z, 
take away the known Angle ST N, and we fhall 
have the Angle N Tz. To che known Angle 218, 
add the Angle Sr T, which was found cut, and 
we have the Angle Nr T. Then, in the Triangle 
Nr T, we have all the Angles, and the Side 21; 
conſequently, we ſhall have the Side N T, the Di- 
ſtance of the Planet from the Earth, at the firſt 
Obſervation. Laſtly, in the Triangle N T'S, we 
have the Sides N T and T'S, and the Angle N T8, 
which was known by Obſervation; conſequently 


the Pele we ſhall find the Side N8, the Diſtance of the 
of the Nodes. Planet from the Sun, when he is in the Node, and 


To find the 


the Angle T SN, which ſhews the Poſition of the 
Line of the Nodes; for that Point of the Ecliptick 
which the Earth is in, ſeen from the Sun in the 
Time of the Obſervation, is known ; and the Angle 
TSN is likewiſe known : Therefore we have rhe 
Point of the Ediptick N, in which the Node is 
placed, ſeen from the Sun; and the Point » oppo- 
ſite to it will be the Place of the other Node. And 
therefore the Poſition of the Nodes is found. 

THE Places of the Nodes being once deter- 


Inclination mined, we ſhall eaſily find the Inclination of the 


of the Pla- 
wet's Orb to 


Plane of the Planet's Orbit to the Ecliptick : For 


tbe Eclig. having the Places of the Nodes, we can find the 


rick, 


Time when the Earth, ſeen from the Sun, is in 
one of them. At the ſame Time, obſerve the geo- 


Plate XXV. centrict Latitude of the Planet, and his Diſtance 


Fig. 2. 


from the oppoſite Node: Then the geocentrick La- 
tirade of the Planet is equal to the heliocentrick 
Latitude it will have, when ſeen from the Sun, 
at the fame Diſtance trom the Nade; that is, make 
the Angle 2 Sp, equal to the Angle N P, and the 

Latitude 
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Latitude of the Planet at p, obſerved from 8, will be Lecture 
equal to its Latitude at P, obſerved from N. For XXVI. 
let CPD be the Orbit of the Planet, NS» the 
Line of the Nodes, B N T a Portion of the Orbit 
of the Earth, in which ſuppoſe the Earth to be at 
N, in the Line of the Nodes, and the Planet in its 
Orbit to be at P; and chen the Sun, Earth and 
Planer, will be all in the Plane of the Planet's 
Orbit. From the Point P, on the Ecliptick's Plane, 
let fall the Perpendicular P E, and in the Plane 
of the Ecliptick, draw the Line N E; then the 
Plane of the Triangle N P E will be perpendi- 
cular to the Eclipuck, and the Angle P NE 
will be the viſible Latitude of the Planet, ſeen 
from the Earth. Through S, draw S pf, parallel 
to N P, and pe parallel to PE; and the Plane 
through Sp, and pe, will be parallel to the Plane 
N PE, and conſequently perpendicular to the 
Plane of the Ecliptick; and therefore Se, the com- 
mon Section of the Ecliptick, with this Plane, will 
be parallel to NE. And becauſe NP and NE 
are parallel to Sp and S e, the Angle p S e, the he- 
liocentric Latitude, will be equal to the Angle 
P N E, the Latitude of the Planer obſerved from 
the Earth, in the Node N. 

LET » f be a Portion of the Planet's Orbit, 
extended to the Heavens, »h a Portion of the 
Eelipticks Fh a Circle of Latitude paſſing through 
the heliocentrick Place of the Planet. In the right- 
angled ſpherical Triangle f h, having 2 h, the Di- 
ſtance of the Planet trom the Node, equal to what 
was obſerved when the Earth was at N, and the 
Latitude F h, equal alſo to what was obſerved at 
N, we can find from thence the Angle h x 5, the 
Inclination of the Plane of the Orbit to the Eclip- 
tick, which was to be found our. 

HaviNG once found out this Inclination, by 
Obſervation we can find out the heliocentrick Place 
of the Planet, and his Diſtance from the Sun, when 
eyer he comes in Oppolition to the Sun. 


LET 
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Lecture LET ATB be the Orbit of the Earth, DPE 
XXVI. the Orbit of the Planet: Suppoſe the Planer in P, 
Wand the Earth in T, and NS the Line of Nodes, 
How to find in which the Sun is in 8. The Planet being in 
eb hel Oppoſition to the Sun, its Place, reduced to the 
Place and Ecliptick, will be in the Line 8 T, which 2 
Diftance through the Earth. Obſerve the Angle PT E, the 
92 Planet's geocentrick Latitude, and we have the Angle 
Planet is in PST, his heliocentrick Latitude, becauſe we have 
Opp: tion to he Planet's Diſtance from the Node. Likewiſe, by 
Pl Kxv. be Theory of the Earth's Motion, we have 8 T, its 
Fig. zj. Diſtance from the Sun. And therefore, in the Tri- 
: angle PST, having all the Angles, and one Side 
ST, we ſhall find IA the Diſtance of the Planet 
from the Sun; and the Angle PSA, the Diſtance 
of the Planet from the Node, is found by the he- 
liocentrict Latitude; by which Means we have the 
Place of the Planet, in his own Orbit. In the ſame 
Manner, if we have any other two Obſervations of 
the ſame Planet, in a Poſition or Aſpect oppoſite 
to the Sun, we ſhall have the Polition and Magni- 
tude of three Lines, thro' whoſe Extremities the 
Planet's Orb paſſes, and the Sun is in one of the 
Foci of the Orbit. And therefore, to determine this 
Orbit, its Form and Poſition, we muſt deſcribe an 
Ellipſe, whoſe Focus is given, and which will paſs 
thro' three given Points. The Geometers ſhew the 
Method of conſtructing this Problem, and we will 

likewiſe give the Solution of it hereafter. 
To find te THOUGH a Planet were not in an achro- 
1 nical Poſition, but in any other Aſpect beſides, 
Dance, in Oppoſition to the Sun; yet, by one Obſervation, 
when the its Diſtance from the Sun, and heliocentrick Place 
Planet is in may be found. Suppoſe P AE the Orbit of the 
* Planet, T GH the Orbit of the Earth. Let the 
— Earth be in T, and the Planet in P, and the Sun 
Fig. 4. in 8, in the Line of the Nodes NS. From P, let 
fall the Perpendicular PB, on the Plane of the Ec- 
liptick: Draw BT, and produce it, till it meets with 
the Line of the Nodes in N, and the Plane of the 
Triangle N PB will be perpendicular to the Plane 
of the Ecliptick. Let the Line C T, be alſo per- 
pendicular 
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ndicular to it, and meet with the Plane of the Lecture 
laner's Orb in C. From T, upon the Line SN, XXVI. 
let fall the Perpendicular TD; join the Points D 


and C, and the Angle T DC will be the Incli- 
nation of the Planet's Orbit to the Ecliptick , 
which Angle is therefore given. Obſerve the An- 
gle BTP, the Planet's geocentrick Latitude, and 
the Angle BT'S, its Elongation from the Sun, ac- 
cording to the Ecliptick. In the Triangle N T'S, 
from the Theory of the Earth, we have the Side 
ST, the Diſtance of the Earth from the Sun, and 
the Angle T'S N, which is known by the Place 
of the Earth and Node, in the Ecliptick, as alſo 
the Angle 8 T N, the Complement of the Angle 
STB to two Right Angles: Hence we ſhall have 
NT. In the 9 Triangle TS D, ha- 
= T 8, and the Angle TS D, we ſhall find 
TD; and therefore, in the right-angled Triangle 
TDC, having T D, and the Angle T D C, the 
Inclination of the Orbit to the Ecliptick, we 
ſhall find the Side T C. In the right-angled 
Triangle T CN, we have T C and NT; and 
therefore, we can find the Angle T N C. And 
again, in the Triangle NTP, we have all the 
Angles; for the Angle NTP is the Latitude of 
the Planet found by Obſervation, or its Comple- 
ment to two Right- angles, and the Angle PN T 
juſt now found, as alſo the Side NT; wherefore 
we ſhall find the Side TP. In the Triangle PTB, 
rectangular at B, we have the Side T P, and the 
Angle PTB, which is the Latitude obſerved ; 
wherefore, we ſhall have the Sides BT and BP. 
And in the Triangle T SB, having TB and T'S, 
and the Angle BT'S, we ſhall have the Side SB, 
which is called the curtate Diſtance of the Planet 
from the Sun, as alſo the Angle T S B, and conſe- 

uently, the heliocentrick Place of the Planet re- 
ä to the Ecliptick. Laſtly, In the Triangle 
PBS, we have the Sides P B, BS, and by them 
we ſhall have SP, the Diſtance of the Planer from 
the Sun, and the Angle PSB, the heliocentrick 
Latitude of the Planet. But having the Helio- 


centrick 
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Lecture centrick Latitude, and the Inclination of the plane- 


XXVI. tary Orbit to the Ecliptick, we can find the Planet's 


wy wv Diſtance from the Node, and conſequently, his Di- 


ſtance from the Node, in his proper Orbit, and his 
centrick Place, ſeen from the Sun. If, by this Me- 
thod, we find out two other heliocentrick Places of 
the Planet, and the Diſtances from the Sun, having 
likewiſe the Focus of the Orbit, which is the Center 
of the Sun, we may deſcribe an Ellipſe, which ſhall 
paſs through the given Points, and be the Orbit of 
the Planet. 
Dy. Halley's THE moſt ingenious Dr. Halley contrived an- 
Method of other Method for finding out the centrical Places of 
4 Hale the Planet, and its Diſtances from the Sun; which 
centrick 1 only, that the 1 Time of the Planet 
n 


Place and is known. Let KLB be the Orbit of the Earth, 
e $ the Sun, P the Planet, or rather the Point in 


Plate xx v. the Plane of the Ecliptick on which the Perpen- 

Fig. 5. dicular let fall from the Planet meets that Plane. 
And firſt, when the Earth is in K, obſerve the 
geocentrick - Longitude of the Planet, and having 
the Theory of the Earth, we have the apparent 
Longitude of the Sun; wherefore we have the 
Angle PKS. The Planet, after it has compleated 
an intire Revolution, does again return to the ſame 
Point P; at which Time, ſuppoſe the Earth in L, 
and there again let the Planet be obſerved, and find 
the Angle PLS, the Elongation of the Pla- 
net from the Sun. Having the Times of the 
Obſervations, we have the Places of the Earth 
in the Ecliptick, or the Points K and L, and 
conſequently, the Angle LS K, and the Sides 
LS and SK; wherefore we ſhall have the An- 
gles 8S K L and S LK, and the Side LK. From 
the known Angles S KP and 8 L P, take awa 
the known Angles SK L and S LK, and we ſh 
have the Angles PK L and PL K known; there- 
fore, in the Triangle PLK, having all the three 
Angles, and the Side L K, we ſhall find the Side 
PL; and, in the Triangle PLS, having the Sides 
PL and LS, and the intercepted Angle run; 
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ſhall have the Angle L SP, which determines the Lecture 
heliocentrick Place, and its Diſtance from the XXVI. 
Node, according to the Ecliptick, as alſo the Side: 
SP. But, as the Tangent of the geocentrick La- 
titude is to the Tangent of the Heliocentrick, ſo 
is the curtate Diſtance of the Planet from the 
Sun to its curtate Diſtance from the Earth. But, 
by Obſervation, we have the Planet's geocentrick 
Latitude, wherefore its Heliocentrick Latitude will 
alſo be found. By which, and the curtate Diſtance 
of the Planet from the Sun, we can find out 
the true Diſtance which was wanted. If, by this 
Means, we acquire three heliocentrick Places of 
the Planet, and the correſpondent Diſtances from 
the Sun, we ſhall have the Form of the Orbit, and 
the Poſition of the Apſides, by deſcribing an El- 
lipſe, which ſhall paſs through three given Points. 
an Ellipſis is determined by the ollowing Me- 
tnod. 
LET SD, SC and SB, be three Lines given 7 4{cribe A 
in Magnitude and Poſition. Draw DC and BC, T. , 
and produce them, ſo that DF may be to CF, as — * 
Ds is to CS; and alſo CE to BE, as CS is to ard Eccen- 
BS. Join FE, on which, from 8, let fall the Per- tricity. 
pendicular 8 G, which will give the Poſition of the nx at 
Axis. Draw the Lines D K, Ci and BH; and cut 2 
SG in A, and produce it, ſo that G A may be to 
8 A, as K D is to SD; andalloGa be to S2, in 
the ſame Proportion; and make 3a equal to $ A. 
And the Points A and à are the Vertices or Apſides 
of the Orbit, whoſe Foci are 8 and s, and greater 
Axis Aa; and if, with theſe Apſides and Foci, we 
deſcribe an Ellipſe, it will be of the ſame Form with 
the Orbit of the Planet. For, becauſe SD is to 
"CS, as FD is to FC, and ſo DK is to Cz; by 
Change of Proportion, DS is to D K, as CS is to 
Ci, and fois SB ro BH. But as DS is to DR, 
ſo, by Conſtruction, is S A to G A, and Sa to Ga; 
therefore, as 8S A: G A:: Sa - OrSS: 46 — AG, 
or Aa. And therefore, we have SD: DK SC: 
' Ci:: SB: BH:: Ss: Aa. Bur this is che Pro- 
FE Þ perty 
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Lecture of an Ellipſe whoſe Focus is 8, and greater 
XXVI. Nn A a, as is demonſtrated by the Writers of Co- 


WV * —— 


nicks, and particularly by Mr. Milzes, in his Trea- 


tiſe of Conzck Sections, Part IV. Prop. 9. It is evi- 
dent therefore, that the Ellipſe deſcribed with the 
Foci 8 s, and Axis A 2, will paſs through the Points 
B, C and D. | 
BECAUSE in Aſtronomy a Calculation is always 
referable and more uſeful than the neateſt Con- 


ſtruction, the Form and Poſition of the Ellipſe is 


in this Manner found out by Computation. In the 
Triangle DSC, having the Sides DS and CS, and 
the Angle DSC, we can find out the Side D C, 
with the Angles S CD and SD C; and, in the ſame 
Manner, we can find in the Triangle BSC the 
Side BC, and the Angles SBC and S CB: And, 
becauſe we have the Ratio of DF to CF, and 
we have DC, we ſhall alſo have CF. In like 
Manner, becauſe we have the Ratio of CE to 
BE, and we have BC, we ſhall have CE and 
BE. But we have the Angle BCD, equal to 
the Sum of two known Angles, and therefore, 
we have the Angle F CE, its Complement to two 
Right-angles. In the Triangle F CE, we have the 
Sides F C and CE, and the Angle FCE ; wherefore 
we can find the Angle FE C, and, its Comple- 
ment to a Right, the _ iCE; to which adding 
the known Angle SCB, we have the whole 
Angle S Ci: And becauſe 84 and Ci are par- 
allel, the Angle CS is equal to the Angle Jr : 
Having therefore the Angle CS a, we have the 
Poſition of the Axis. In the right-angled Tri- 
angle E Ci, having E C and the Angle E, we 
can find Ci; and therefore, we can find the 
Proportion of CS to Ci. In the Triangle CSL, 
right-angled at L, we have the Angle CSL, 
the Complement of the Angle CS to two 
Right-angles and the Side CS: Therefore, we 
ſhall have SL, to which adding LG, equal to 
Cz, we have the whole SG: And becauſe CS 


and Ci are known, their Proportion will — 
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As CS is to C., fo let SA be to AG, and fo let Lecture 
82 be to 4 G, and ſo let Ss be to Aa, and we have XXVI. 
the Apſides of the Ellipſe A and a, and its Foci S (FW 
and 2, which were to be found. 
WE ſhewed above, how by an Obſervation to find 
the heliocentrick Place of a Planet; and we have 
now ſhewed, how to determine the Poſition of the 
Aphelion ; by which Means, we can find the Diſtance 
of a Planet from the Aphelion, at the Time of the 
Obſervation; this Diſtance from the Aphelion, is 
called the true or co-equated Anomaly of the Planet. 
But having the Eccentricity of the Orbit, and the 
riodical Time, we ſhewed before, how to find the 
lanet's mean Anomaly, in the Lecture in which ＋. to find . 
we gave the Solution of Kepler's Problem; there- „ Au 
fore, at the Time of the Obſervation, we ſhall have may. 
the mean Anomaly of the Planet, or the Place he 
would have in his Orbit, did he conſtantly proceed 
with the ſame angular Motion round the Sun. This 
being once obtained, we have the Planet's mean 
Motion for any other Time. For ſays as the perio- 
dical Time of the Planet is to the Time between 
the Obſervation and the Moment of Time for which 
the mean Place is deſired, ſo is 360 Degrees, or a 
whole Circle, to a Fourth. This Arch, if the Time 
preceded the Obſervation, being ſubſtracted from 
the Place before found, or added to it, if it comes 
after the Obſervation, will give the mean Place of 
the Planet for the Time propoſed. 
For the more eaſily finding the mean Place of a 
Planet, for any Moment of Time, it will be eaſieſt 
to take out its Motion from the aſtronomical Tables, 
in which is ſet down the Planer's mean Place or 
mean Anomaly, in the Beginning of any remarkable 
Era; ſuch as is from the Birth of our Lord, the 
Era of Nabonaſſer, of the Creation, the Building of Thc Radix, 
Rome, or the firſt Year of the Julian Period. The“ Erocha. 
Places of the Planets, at theſe Inſtants of Time, are 
found by the preceding Methods, and are computed 
according to the Meridian of equal Time, and not 
for the apparent Time. The Place for that Time 
is called the Epocha or * that is, the Pts 
| am 
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Lecture from which, as from an immoveable Foundation, 


XXVT. 


Pute the mean 


all the Motions are calculated. 
Ir the Times be numbred by the Years from the 


LANRS 
How to com- Birth of CHRIST, or from the A the Ju- 
t 


Anomaly. 


lian Period, it will be moſt convenient that the Year 
take its Beginning from thar Mid-day which preced- 
ed the firſt of Famuary; fo that at the Mid-day of 
the firſt of Fannary, there is one Day completely 
finiſhed. Say, as the periodical Time is to a com- 
mon Year of 365 Days, ſo is a whole Circle, or 
o Degrees, to a Fourth, which will be the mean 
otion of the Planet for one Year. In like Man- 
ner ſay, as the periodical Time is to a Day, ſo a 
whole Circle is to a Fourth; and we ſhall have the 
mean Anomaly pertaining to one Day. And by 
working with the like Proportion, we ſhall have the 
mean Anomaly for an Hour, and for every Minute 
and Second. And if we add the Motion for one 
Year continually to itſelf, we ſhall have the Motion 
in two, three, and four Years: But becauſe every 
fourth Year is Biſſextile, and conſiſts of & Days, 
to the Motion of the fourth Year we muſt add the 
Motion of one Day ; then, by conſtantly adding the 
Motion of one Year, we ſhall have the Motion of 
five, ſix, and ſeven Years. But the Motion of the 
eighth Year is to be increaſed by the Motion of one 
Day, or rather the Motion of four Years is to be 
doubled, to have the Motion of eight Years; be- 
cauſe that Year is Biſſextile. From theſe Motions, 
ſo collected by Addition, we muſt always reject the 
whole Circles, or 360 Degrees; for after a Planet 
has completed its Circle, it returns to the ſame Place. 
By this Method we have the mean Place of the Pla- 
nets to twenty Years ; and if the Motion of twenty 
Years be conſtantly added to itſelf, we ſhall have 
the mean Place for 40, 60, 80, and 100 Years; 
and to each of them add the Motion of ten Years, 
and we have the Motions and Places for 30, 50, 
70, and 9o Years. And by the continual Addition 
of the Motions of 100 Years, rejecting always whole 
Circles, we ſhall have the Motions of 200, 300, 
400, 500, Cc. Years, even to 1000: And pro- 
ceeding 


— — 
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ceeding in the fame Way, we ſhall have the Mo- Lecture 
tion of 2000, 3000, 4000, and 5000 Years, and XXVI. 
fo as far as you will. WPWASL 

Task Motions, being in this Way computed, 
are to be diſpoſed in Tables, which are called Tables 
of the mean Motion; or mean Anomaly, when they 
are numbred from the Aphelion; and they are found 
in aſtronomical Tables for each Planet. Bur 
if the mean Motions are computed from the Equi- 
noctial Points, inſtead of the periodical Time, you 
muſt take the Time the Planet revolves in the Zo- 
diack, which is ſomewhat leſs than the periodical 
Time, becauſe of the Preceſſion of the Equinocties, 
by which the InterſeCtion of thoſe Points meet the 
Planet. If the Aphelia of the Planet be ſuppoſed 
to move, this Motion muſt be conſidered; and the 
Motion of the Equinocties, and of the Aphelia, 

—_— for ought we know, are equal but in the 

oon) are likewiſe to be computed and diſpoſed 
in Tables, for Years, Tens, Hundreds, and Thouſands 
of Years, as the other mean Motions are; that for 1 
any Time, we may have the Places and Diſtances '' 
or the Aphelia from the Equinocties. þ 

THE Aſtronomers have ſome other Tables which 
give the true Anomaly anſwering to every Degree 
of mean Anomaly, which are computed by ſome of 
the Methods delivered above in the former Lectures. 
If Minutes and Seconds are added to the mean Mo- 
tions, we muſt take the Difference of the true Ano- 
malies, which are one Degree diſtant from each 
other; and, by proportioning, we muſt add that Part 
which is to be added to the tabular Anomaly which 
is next leaſt, or is to be ſubſtracted from it, if it be 
next greateſt. 

For the Motions of the Sun and Moon, they 
commonly compute the Equations or Proſthaphz- 
reſis; which are the Differences between the true 
and mean Anomaly ; and they, either ſubſtracted or 
added to the mean Anomaly, as the Planet is in the 
firſt or ſecond Semicircle of Anomaly, give the 
True, 2 | 
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Lecture Having the Places of the Aphelion and Nodes, 
XXVI. we have their Diſtance from each other: And 
[ t therefore, having the true Anomaly of the Planet, 
The Argu- we have its Diſtance from the Node, which is called 
3 the Argument of Latitude, by which, and an eaſy 

: trigonometrical Calculation, we can find the centri- 

The curtate Cal Latitude of the Planet, and its curtate Diſtance 
8 from the Sun, which is the Diſtance from the Sun 
to that Point, where a Perpendicular, let fall from 

the Planet, meets with the Ecliptick. And thus we 

have ſhewed how to find the centrical Place and 
Latitude of the Planet, and its curtate Diſtance from 

the Sun. After theſe are found, we ſhall likewiſe 

be able to find his geocentrick Place, or where he 

will be ſeen from the Earth, in the following Method. 

Fino firſt the Planet's heliocentrick Ms. and 

curtate Diſtance from the Sun; as alſo the Earth's 

Pl. XXVIL-Place and Diſtance from the ſame. Let TCF be 
Fig- the Orbit of the Earth, in which the Earth is in T; 

APE the Orbit of the Planet, and its Place P, the 
Sun S8, 28 N the Line of Nodes. From the Place 
of the Planet let fall, on the Plane of the Ecliptick, 
the right Line PB; draw SB, and produce it till 
it meet with the Ecliptick in the Planet's Place re- 
duced to the Ecliptick ; which Place is found by 
the Arch PN, and the Inclination of the Orbit to 
the Plane of the Ecliptick, which are known: But 
we have the Place of the Earth ſeen from the Sun; 
and therefore we have the Diſtance between them, 

The Angle fOr the Angle TSB, which is called 2% Angle. of 
Commuta- Commutation. Then, in the Triangle S TB, we have 
tion. ST, the Diſtance ot the Earth from the Sun, and 

SB, the curtate Diſtance of the Planet; wherefore, 
we ſhall find the Angle ST B, the Elongation of the 
Planer from the Sun, or the Arch of the Ecliptick 
intercepted between the Sun's Place and the Planet's 
Place, reduced to the Ecliptick; as alſo T B, the 
curtate Diſtance of the Planet from the Earth. But 
the Place of the Sun is given, for it is oppoſite to 
pe 4s Fli- the Place of the Earth ſeen from the Sun: Where- 
ners geccen- fore, allo we ſhall have the Place of the Planet in 
rrick Place, the Ecliptick, as it is ſeen from the Earth, More- 


over, 
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is to the Ia 

SB: But as TBis to SB, fo is the Sine of TSB, 
the Sine of the Commutation, to the Sine of the 
Elongation ST B. Wherefore ſay, as the Sine of 
the Commutation is to the Sine of the Elongation, 
ſo is the Tangent of the heliocentrick Latitude to 
the Tangent ot the geocentrick Latitude, which was 
to be found. And by theſe Means the Aſtronomers 
are able to find, for any Inſtant of Time, the geo- 
centrick Place and Latitude of any Planet. 
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over, in the two Triangles PSB and T PB, that Lecture 
are qo; ond at B, the Tangent of the Angle PSB XXVI. 


ent of the Angle PTB, as TB is to 


CoMPARING the Diftances of the Planets from Ye Harme- 
the Sun, with the Times of the Periods round him, "» 9twvecer: 
we find that they all obſerve a wonderful, regular, 27 Belm. 
and elegant Harmony and Law, viz. ces of the 


THE Squares f the periodical Times are in all of Planers. 


them proportional to the Cubes of their mean Di- 


ſtances from the Sun. Now their Periods and mean 


Diſtances are theſe, which we here give in the fol- 
lowing Table. 


The Periods. | 
A 

h 10759 6 36 2695 3800 
E 4332 12 20 35520110 
& 686 23 27 30152369 
© 265 6 29 30 100000 
224 16 49 24] 72333 

F 87 23 15 53] 38710 


Tn illuftrious Mathematician Mr. Hugens, has 
determined very nicely the Diameters of the 
Planets, by comparing them with that of the Sun, 
in his Saturuian Syſtem, which he did by the follow- 
ing Method. 

CoPERNiIcvus, by his new and divinely invented 
Syſtem, has ſhewed us how to find out the Diſtance 
of each Planet from the Sun, in proportion to the 
Earth's Diſtance from the fame: But their apparent 
Diameters, and how much ſome are bigger than 
others, has been diſcovered by the Help of the Te- 

5 2 leſcope. 


Mean Diſtances. 
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Lecture leſcope. For by comparing the Proportions of their 
XXVI. Diſtances and apparent Magnitudes, the Proportio 
sf their true Bignels to that of the Sun will eaſily be 
found, by the Principles we have laid down in our 
firſt Lecture. 
The Diame» As for Saturn, the Diameter of his Ring, when 
—_— , he is neareſt to us, ſubtends an Angle of 68 Seconds, 
of the pla. And, becauſe this leaſt Diſtance of Saturn is near 
ners i- eight Times the mean Diſtance of the Sun from us, 
mated, it follows, that if Saturn were as near us as the Sun 
is, the Diameter of the Ring would appear cight 
times bigger than now it does, that is, it would be 
9. 4. But the Diameter of the Sun in his mean 
di ance is 30 20”. Therefore, the Proportion of 
the Diameter of the Ring to the Diameter of the 
Sun, is that of 9 4” to 300 30”; which is near the 
Proportion of 11 to 37. But the Diameter of Sa- 
turu s Body is to the Diameter of the Ring, as 4 to 
9; that is, nearly as 5 to 11: And therefore, it is to 
the Diameter of the Sun, as 5 to 37. 

JuerrER's Diameter, when he is next to us, is 
64 Seconds; and then his Diſtance is ro the mean 
Diſtance of the Sun, as 26 to 5; ſay, as 5 is to 26, ſo 
is 64 Seconds to a Fourth; which will : 
which is the Bigneſs of the Angle that Jutiter's Di- 
ameter would ſubtend, were he as near as the Sun 
is: But the Sun is ſeen under an Angle of 3 307; 
therefore the Proportion of Jupiters Diameter to 
that of the Sun, is, as 5” 35” to 300 30% chat is, a 
little more than 1 to 53. ä 

VENnus, when ſhe is neareſt the Earth, ſubtends 
an Angle of 85 Seconds; and then her Perigæon 
Diſtance is to * mean Diſtance ot the Sun nearly, 
as 21 is to 82: And therefore, if Venus were remoy- 
ed to the Diſtance of the Sun, her Diameter would 
be only 21” 46”: And therefore we know, that 
the Diameter of Veuus is to that of the Sun, as 
21” 46“ to zog“; that is as 1 to 84. 

BuT the Diameter of Mars, when neareſt to the 
Earth, is not greater than 307: And therefore, ſince 
the leaſt Diſtance of Mars is to the Sun's mean Di- 
ſtance, as 15 to 41; the Proportion of Mars's Di- 

ameter 
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ameter will be to the Sun's Diameter, as 1 is to 166: Lecture 
Therefore Mars is but half the Bigneſs ot Venus in XXVI. 
its Diameter. He velius, by Obſervations, found, that 
Mercury's Diameter was to that of the Sun, as 1 is 
to 290. | 

THE Magnitude of the Earth, in Compariſon of 
that of the Sun, is variouſly eſtimated by the Aſtro- 
nomers: They who ſuppoſe the horizontal Parallax 
of the Sun to be 15 Seconds, muſt make the Di- 
ſtance of the Sun from us, to be but 13750 Semi- 
diameters of the Earth; and the Diameter of the 
Earth will be to the Diameter of the Sun, as 1 to 
61: But we have a probable Argument, which proves 
the Diſproportion or Inequality greater. For, becauſe 
the Diameter of the Moon is ſomewhat more than a 
fourth Part of the Diameter of the Earth, if the Pa- 
rallax of the Sun were 15 Seconds, then the Body 
of the Moon would be greater than that of Mercury; 
but it ſeems incongruous that a ſecondary Planet 
ſhould be greater than a primary Planet. Let us 
ſuppoſe therefore, that the Semidiameter of the Earth, 
ſeen from the Sun, be 11 Seconds, as it was lately 
collected from the Parallax of Mars, obſerved by 
Dr. Halley and Mr. Pound: And then the Earth's 
Diſtance will be nearly 20000 Semidiameters of the 
Earth, and the Moon will be leſs than Mercury. 
And the Proportion of the Diameter of the Earth 
to the Sun will be that of x to 83; to which Pro- 
portion we may give our Aſſent, till by an Obſer- 
vation of Venus in the Sun's Body, which will hap- 
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1 4 
en in 1761, we may be made more Certain of the 474 
2 Parallax. Therefore, the Diameter of the Sun | 1 
is to the Planets Diameters, nearly in the Proportions 16 
repreſented in the following Table. f 
Saturn 137 F 
Jupiter 181 
The Diameter of theSun J Mars as 1000 6 
is to the Diameter of I the Earth is to 12 4 
Venus I2 
Mercury 4 
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AN becauſe Spheres are to one another, as the 


XXVI. Cubes of their Diameters. 


5 


Saturn 2571353 
Jupiter 5929741 
The Sun J Mars as I000000000 216 
will be to J the Earth is to 1728 
Venus . 1728 
Mercury | 64 


HENCE it follows, that the Sun is a hundred and 
ſixteen Times bigger than all the Planets put toge- 
ther. Saturn is 400 Times leſs than the Sun: But 
for Quantity of Matter it is 2400 Times leſs than 
the Matter of the Sun, Jupiter, the biggeſt of all 
the Planets, is 160 Times leſs than the Sun, and 
his Matter, that compoſes his Body, is 1033 Times 
leſs than the Matter of the Sun. But our Earth, if 
it be compared with the Sun, is but of a very ſmall 
Magnitude, and not bigger than a phyſical Point; 
for it is 500000 Times leſs than it. Beſides, com- 

aring the Planets with one another, we find, that 
Faber is bigger than all the reſt of the Planets put 
together; and that he is above 3000 Times bigger 
than the Earth; but Venus is of the ſame Bigneſs 
with the Earth. And yet there are two of the ſix 
Planets, viz. Mercury and Mars leſs than the Earth, 
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LECTURE XXVIL 
Of the Stations of the Planets. 


NF the Earth were at Reſt, and the 4, ;nfriw 

EY Planets alone turned round the Sun, Planer is not 

* ar inferior Planet would ſeem to be/atima'y, 
hart - ; X . . when it it 

<9 p* ſtationary, in that Point of its Orbit, ſen in . 

"Ek „ where a Line drawn from the Earth righr Line 

—tcdouched the Orbit; for when the #9uching its 

Planet is near that Point, if the Earth ſtood till, it “. 

would directly approach the Earth, and would have 

no viſible Motion, or at leaſt, its viſible Motion 

would be the leaſt of all. In like manner, if a ſu- 

perior Planet were at reſt, when it is viewed from 

the Earth, it would appear to ſtand in that Part of 

its Orbit, where a Line drawn from the Planet 

touches the Earth's Orbit. But becauſe both the 

Earth and Planets move round the Sun, when an 

inferior Planet, is in the fore- mentioned Tangent, 

then the Motion of the Earth, will make the Planet 

appear to change its Place, and the Planet will not 

be come to its apparent Station. And, upon the 

ſame Account, when the Earth is in the Line which 

touches its Orbit, and paſſes to a Planet, the pro- 

per Motion of the ſuperior Planet, will change its 

viſible Place. And therefore it happens, that nei- 

ther an inferior Planet ſeems to reſt, when it and — i1 8 ſue 

the Earth are in a Line which touches its Orbit; on — 

nor is a ſuperior Planet ſtationary, when the Earth it :s gen in a 

and it, are in a Line touching the Orbit of the Le 7ouch- 

Earth. TT. bs Ore 

B r bi, 


N 
1 
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Bur ſince all the Planets do ſometimes appear 


XXVII. to move forward, and afterwards to return back- 
WY DV wards; between the progreſſive Motion and the re- 
When a Pla- greſſive, there will be ſome Point, where it will ap- 


wet appears 
Pationary, 


pear to ſtand and continue in the ſame Situation 
in the Heavens. Now it ſeems to keep the ſame 
Station in the Heavens, when the Line that joins 
the Earth and Planer's Center is conſtantly directed 
to the ſame Point in the Heavens; that is, when 
it keeps parallel to itſelf: For all right Lines, drawn 
from whatever Point of the Earth's Orbit, parallel 
to one another, do all point to the ſame Star; be- 


- «cauſe the Diſtance of theſe Lines is not ſenſible in 


Compariſon of the great Diſtance of the fixed 


Stars. 
THEREFORE, to find out the Points of Sta- 


tion, we muſt inquire the Poſition of the Line, 
which, joyning the Earth and Planet, keeps paral- 
lel to itſelf: For which Purpoſe we muſt oblerve, 


that if the Centers of the Sun, Earth and Planet 
be joined by right Lines, they will form a Triangle, 
whole two Sides drawn from the Sun, are always 


equal to the Diſtances of the Earth and Planet 


Table xVI. 
Fig. 1. 


from the Sun; and the Baſe is a right Line joining 
the Earth and Planet: And becauſe the Sides of 
this Triangle, in circular concentrick Orbits, do 
keep always the ſame Magnitude, the Proportion 
of the Sines of the Angles at the Baſe, will be con- 


ag the ſame: For the Sines are as the oppoſite 
ides. 


LET the Circle B DG, be the Orbit of the 


Planet, and A H K, the Orbit of the Earth concen- 
trical to it. And let us ſuppoſe the Earth in A, 
the Planet in B, and the Sun in the Center S. 
In the Triangle ASB, the Sines of the Angles A 
7" B, at the Baſe, are as the oppoſite Sides 8 B, 

LE us ſuppoſe then, that in a ſmall Par- 
ticle of Time, the Earth is moved through the 


{mall Arch AC, and the Planet at the fame Time 


through the Arch of its Orbit BD; their angular 
Motions 
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Motions at the Sun, made in the ſame or equal 
Tires, are reciprocally as their periodical Times ; 


for how much the greater is the periodical Time, 


ſo much leſs is the Angle it deſcribes, round the 
Sun in any given Time. Therefore, the Angle 
ASC, the angular Motion of the Earth, is to the 
Ange BSD, the angular Motion of the Planet, 
as the periodical Time of the Planet is to the pe- 
riodical Time of the Earth; that is, the ang. ar 
Motions in the ſame Time are in a conſtant Pro- 
portion. 

LE T the Center of the Earth in C, and of 
the Planer in D, be joined by the Line CD, which 


is parallel to the former Line AB: And in that 


Caſe, as we have ſhewed, the Planet will appear 
ſtationary. Let SA cut CD in M, and SD, pro- 


= duced, cut AB in E: And becauſe AB and CD 


are parallel, by the 29th of E/. I. the Angle 
SMD will be equal to the Angle A; but by the 
324 of the firſt EI. the Angle S MD is equal to 
the Angles C and MSC; wherefore the Angle 


Ci equal to the Angle A, bating the Angle MS C 


N 
> £3 


1 
Fl 


4 or CSA. Likewiſe, becauſe of the Parallels AB 
and CD, the Angle SDC is equal to the Angle 


SE A, which is equal to the Angles SBA and 
BSE; wherefore chat Angle is equal to the Sum 


of the two Angles SB A and BSE. Therefore 


the momentaneous Increaſe of the Angle SB A is 


equal to the angular Motion of the Planet at the 
Sun. And before it was ſhewed, that the De- 
crement of the Angle A, was equal to the Angle 
ASC, or to the angular Motion of the Earth; but 
=X theſe angular Motions are conſtantly in a given 
1 =P ortion, which is reciprocal to their periodical 

imes. 


A Planet therefore appears ſtationary when the 


2X momentaneous Change of the Angle at the Earth 
is to the momentaneous Change of the Angle at the 
Planet, as the periodical Time of the Planet is ta 
the periodical Time of the Earth. . 
LE r there be two Arches or Angles, whole Table XVI. 2 
ines are to one another in a conſtant Propor- Fis- 2. 


tion. 


„„ „ * 
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Lecture tion. I fay, that their Co-ſines, or the Sines of the 
XX VII. Complements of theſe Arches, are in a Proportion 
LAY W compounded of the direct Proportion of the Sines 
| of theſe Arches, and a reciprocal Proportion of the 
momentaneous Changes of the Arches or Angles. 
For Example, Suppoſe the two Arches AM and 
CM, whoſe Sines are AB and CD, and their 
Co-fines SB, SD. Let the Arches A M and CM 
decreaſe into EM and GM; ſo that the Sines 
EK, GL, may be proportional to the former AB 
and CD. Let AE and CG be the Decrements 
of the Arches, which being infinitely ſmall, may be 
taken for Right-lines. Draw FE and GH, par- 
allel to SM; the Triangles AFE and ASB are 
equiangular : For the Angles B, and AFE are both 
right, and the Angle E X F tis equal to the Angle 
ASB, the Angle SAB being the Complement of 
both to a Right Angle. After the ſame Way it 
2 be proved, that the Triangles CH G and 
CSD are equiangular. Therefore CG: CH:: 
CS:SD;: Kr: A;: 8: A8 CS: 
Wherefore multiplying the Antecedents together, 
and the Conſequents together, we have the Pro- 
ortion CG AF: CHXA E:: CSK SB: 

D* AS or CS XSD :: that is, SB is to SD in 
a Proportion compounded of AF to CH and of 
CG ro AE. But the Rætio of AF to CH, is the 
fame with the Ratio of the Sines AB and CD; and 
the Ratio of CG to AE is the Ratio of the mo- 
mentary Decrements of the Arches C M and AM. 
Therefore S B, the Co-fine of the Arch A M, is 
to SD, the Co- ſine of the Arch CM, in a 1 
tion, compounded of the direct Proportion of the 
Sines of theſe Arches, and a reciprocal Proportion, 
of the inſtantaneous Decrements of the Arches, that 
is of CG to AE. 

HENCE, if the Centers of the Sun, of the 
Earth, and of a Planet that is ſtationary, be join- 
ed with Lines, the Co- ſine of the Angle at the 
Earth, will be to the Co- ſine of the Angle at the 
Planet in a Proportion, compoſed of the Sines _ 
| e 
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the Angles A and B, and a reciprocal Proportion Lecture 
of the momentary Decreaſe of thoſe Angles A and XXVII. 
B. But the Proportion of the Sines is the ſame . 
with the Proportion of the Diſtances of the Earth 
and Planet from the Sun; and the Ratio of the mo- 
mentary Decreaſe of the Angles A and B is the 
Proportion of the periodical Times of the Planet 
and the Earth, as has been proved. Let the pe- 
riodical Times be called £ and T; and then the 
Co- ſine of the Angle A will be to the Co- ſine of 
the Angle B, when the Planet is ſtationary, as T * 

SB is to rx S Az; that is, the Co- ſine of the _- 
at the Earth is to the Co- ſine of the Angle at the 
Planet, in a Proportion, compounded of the perio- 
dical Times directly, and a reciprocal Proportion 
of the Diſtances from the Sun. Hence the Points 
of Stations are eaſily determined by the following 
Conſtruction. 

LEr AH be a Portion of the Orbit of the Table xv1. 
Earth, GB K a Portion of the Planet's Orbit, Fis. 3- 
and let the Sun S be in the Center of both 
Orbits. Cut SA in E, fo that S A may be to 
S E, as the periodical Time of the Earth is to 
the periodical Time of the Planet. Upon the 
Diameter AE, deſcribe a Semicircle cutting the 
Orb of the Planet in B, the Angle SAB will 
be the Elongation of the Planet from the Sun, 
when it appears ſtationary. Draw the Lines 
AB F, EB, and SF, parallel to EB, and the An- 
gle ABE in a Semicircle, is a Right-angle : 

And therefore, AF S parallel to it, mult be right 
likewiſe. Moreover, AS: AF:: Rad.: Co-ſine of 
A; and allo, BF: 8 B:: Co-fine SBF: Rad. 
Therefore multiplying the Antecedents together, 
and the Conſequen:s together, we ſhall have A S 
* BF to AFXSB, as the Co-line of SBF is to 
the Co-ſine of the Angle A. Therefore, the Ra- 
tio of the Co- ſine of the Angle A, to the Co-ſine 
of the Angle SB F, is compounded of the Ratio 
of AF to BF, and of SB to AS. But the Ratio of 
AF to BF is equal to the Ratio of AS to SE, 


ar 
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Lecture or of T to 2. Therefore, the Ratio of the Co-ſine 
XXVII. of the Angle A, to the Co- ſine of the Angle 8 BE, 
A ũ is compounded of the Razid of T to t, and of SB 
to 8 A. But it was ſhewed, that when the Co- ſines 
of the Angles had this Proportion, then the Planet 


ſhould be ſtationary. Therefore it is evident, that for 

when the Planet is in B, and the Earth at A, the 

Planet will appear to be ſtationary. | | is 
HEN CE we ſee, that when an inferior Pla- * 

net is ſeen from the Earth to be ſtationary, 

the Earth alſo, viewed from the inferior, will th: 


likewiſe appear to be ſtationary, and will ſeem 
ro remain in the ſame Place. For the Earth is 
ſeen ſtationary, when the Line that joins the Cen- 
ters of the Planet and Earth keeps parallel to it- 
ſelf; and ſo long as this Line keeps a Paralleliſm, 
it will always be directed to the ſame Point in the 
Heavens. | 

By the ſame Method, we find the Poſitions of 
the other ſuperior Planets, in reſpect of the Earth 
and Sun, when they are to be obſerved by us to 
be ſtationary, viz. by inquiring where the Earth, 
conſidered as an inferior Planet, will appear ſtation- 
ary, ſeen from a ſuperior Planet. 

I the periodical Times were proportional to 
the Diſtances from the Sun, the Points E and B 
would coincide with G, and-the Planet would be 
ſtationary, when the Angle A was nothing; that is, 
when the inferior Planet was in Conjun&ion with 
the Sun: But if SE bore a greater Proportion to 
SA than SG did to SA, the Circle ABE could 
cut the Planet's Orb in no Point at all; and the 
Planet could no where be ſtationary, but would 
appear conſtantly ro move directly forward: But 
neither of theſe Caſes obtain Place in the Planets ; 
for SE is always leſs than SG or SB, which I 
thus demonſtrate. 

CALL the Diſtance of the Earth from the 
Sun p, the Diſtance of the Planet SG or SB 
call q, the periodical Times T and t. And, by 
the univerſal Law above explained and _ 

v 
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1 in all the Planets, we have Ta: :: pf: 93, Lecture 
2 oþ ES... e r 
is to „ b Fa 8 E SE. Say there "VV 


fore, as p Xp* : 2 * 7: to ; which 


p* 
is therefore equal to SE: And becauſe p 
is greater than q 3 therefore, 3 * is greater 
chan X 2 and dividing all by % we have 


o 
q greater than * or than SE. And there- 


- 


fore, ſince SB or SG is greater than SE, the 
Circle upon the Diameter A E, will cut the Orbit 
of the Planet: And therefore, we, on the Earth, 
in ſome certain Poſitions, may ſee each of the Pla- 
nets ſtationary. # 
IF you defire to uſe a Calculation, the An- 14 
gle at the Earth, or the Elongation of the Pla- 19 
net from the Sun, is defined in this Manner. Let ©} 
the Radius be z, and the Sine of the Angle at 46 
the Earth q x; the Sine of the Angle at the Pla- # bf 
net, will be p x, ſuppoling that p is to q in the 
Proportion of the Earth and Planer's Diſtances from 
the Sun: And becauſe the Sine of the Angle at 


the Earth is q x, its Co- ſine is / & — 77 * ; and the 
Co- ſine of the Ang. at the Planet will be y/z*—p*x* : 
And thereſore 2* -* rr :T xq 


t *: And ſquaring the Terms of the Ana- 1 
logy 21 —q* K 2 —p* “:: TX 4: 1 Xx; vt. 
but T“: 714 :: p: 3: Wherefore, inſtead of Ti "4 


and t, pur p'“ and 30, which are Proportional to 
them, and we ſhall have 2 — 44 x*: + 
p® 1 * :q*Xp*::p :9: And therefore, we have 
the Equation q 2* — 4 x* =pz* p' *, and 


„ nd 272 


D* - Xx 7; and x N N. P _ x 1 
, Vp? mg? 11 


and 
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Lecture and q x, the Sine of the Angle at the Earth, = 
XXVII. 


27 | 8 
—— 1 —— 
= which is equal to vp pada? 
therefore the Square of the Co- ſine of this Angle 
— ˙ ( 
pf TPIT F/ PTT? 
| x 7 
therefore the Co- ſine is z * „ The 
| i 
Co- ſine is therefore to the Sine, as z x 1 
V e*boa +? 
| 7 * ie | 
to JETT, BB Vp'+pqistog. But, as 
PITS 
the . is to the Sine, ſo is the Radius to 
the Tangent; therefore ſay, as /p* +p is to 9, 


2 


ſo z is to VP boo which is the Tangent of the 


is 23 


Angle at the Earth: And by this Analogy the 
Angle is eaſily found. For if half the Sum of 
the Logarithms of p and p + be ſubſtracted 
from the Logarithm of q, there will remain 
the logarithmick Tangent of the Angle at the 
Earth. From this Value of the Tangent we have 
the following geometrical Conſtruction, which 
determines the Angle. Let HAQ be a Portion 


Table XVL of the Earth's Orbit, GB D the Orbit of the 
inferior Planet, and the Sun in S the common 


Center of the Orbits. Produce AS, till it meets 
with the inferior Orbit in D; upon the Diame- 
ter AD, deſcribe the Semicircle A C D, and at 
S, erect upon AD the Perpendicular S C, cutting 
the Semicircle in C; join AC, in which take 
AF SSD; and from F upon AS, ler fall the 
Perpendicular FE; in SC rake SE = AE, and 
draw AL: Then SAL will be the Anzle requi- 
red; and B, where AL cuts the inferior Orbit, 


will be the Point of the Station: For the — 
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D ai 7 
that is / p TPI 7. ITT which is 


therefore the Tangent of the Angle requited. 
THESE Calculations and Conſtructions would ſuf- 
ficiently determine the Points of Station, if the Pla- 
nets Orbits were concentrical Circles: But ſince 
they are eccentrick and Ellipſes, both the Angles at 
the Sun and Planet will be different and changeable, 


according to the different Places of the Planets in 


their Orbits, at the Points of Station. And there- 
fore becauſe in this Caſe, according to the infinite 
Varieties of Poſition of the Earth and Planets in 
their Orbits, there will be likewiſe an infinite Variety 
of Angles, they cannot be defined by any algebraical 


Equation; neither can the Problem be — | 
7 


conſtructed by any algebraick Curve of any Kin 
although ſome Mathematicians have undertaken to 
do it. Yet, if we have the Poſition of a Planet in 


ts proper Orbit, we may find the Poſition of the 


Earth in its Orbit, from whence the Planet in that 
Point will appear ſtationary. 
Fo this is a determined Problem, and admits of 


two Anſwers, for the two Roots of the Equation 


that involves the Nature of the Problem. The moſt 
induſtrious Dr, Halley, hath communicated to me 
the following Solution of this Problem; for the un- 
derſtanding of which, we give the following Lemma. 

WHATEVER the Form of the Earth and Planets 
Orbits may be, if from their Places in the Times 
of Station there be drawn Tangents to the Orbits, 
and produced till they meet, the Portions of thoſe 
Tangents, intercepted by their mutual Concourſe, 
are proportional to the abſolute Velocities of the 
Earth and Planets. 

LEr FG and AH be two Portions of the Or- 


bits which the Earth and Planet deſcribe; AB and 


CD two infinitely ſmall Portions of them, deſcribed 
A a in 


353 
of 8 C is equal to the Rectangle ASD = pq, Lecture 
and A C ſquare = AS ſquare + S C ſquare XXVII. 
pe: But AC: AF:: AS: AE:: A8: 
SL:: The Radius: Tangent of the Angle SAL, 
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Lecture in the ſame Time, when the Planet is ſtationary : 
XXVII. Draw the Lines CE and AE touching the Orbits, 
SV=s and meeting in E. And, becauſe the Planet is ſta- 
Ta. XXVI. tionary, B D and A C will be parallel: And there- 


Fig. 5. 


Ta. XXVI. & 


Fig. 6. 


fore, by the, 2d Prop. El. VI. CD: AB:: CE: AE. 
But CD and AB, ſince t are Portions of the 
Orbits deſcribed in the ſame Time, are as the Velo- 
Cities of the Earth and Planet: Therefore the Tan- 
gents CE and AE are as the Velocities. This 
Theorem is Mr. John Bernoulli s, and is publiſhed in 
the Berline Acts, and flows immediately from the 
Paralleliſm of the Lines AC, BD : But Mr. Ber- 
noulli has not given us from thence any Solution of 
the Problem. Dr. Helley's Solution is this. 


PR OLE E MM. 


To find the Place of the Earth, from 


which a Planet, ſeen in a given 
Point of its Orbit, would appear 
ſtationary. 


UPPOSE the Sun at S, II K L A the Orbit of 
the Earth, which we may here ſuppoſe to be 
circular, r P the Orbit of the Planet, P its given 
Place. Draw V P Q, touching the Orbit in P, and 
interſecting the Orbit of the Earth in V and Q; 
biſect VQ in R, and on it erect the Perpendicular 
PB, which may ve to VR or RQ, as the Velo- 
city of the Planet is to the Velocity of the Earth: 
At the Center R, upon the Diameter VO, deſcribe 
the Semicircle VA, to which draw the Tan- 
gents Bb, Ba, and produce them till they meer 
with VQ produced in S and T; draw R, Rd; 
take S K equal b, and TL equal to 4 T. Then 
I fay, the Points K and L, are what are to a 

| | or 


% 
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For, becauſe of the equiangular Triangles R and Lecture 
B PZ, ESP;PB::SK:RborRYV, and by alter- XXVII. 
nation of Proportion, 2 P: ⁊ K:: PB: RV but bc... 


Conftruction, PB is to R V, as the Velocity of the 
Planet is to the Velocity of the Earth; and 2 U 
touches the Semicircle in b; wherefore irs Square is 
ual to the Rectangle VZ Q, by Prop. 36 Elem. 
III. And 2 K is equal to 2 U; therefore S K will 
touch the Orbit of the Earth in the Point K, by 37 
Prop. Elem, III; therefore the Tangents of both 
Orbits Z P and Z K are as the Velocities; and there- 
fore a Planet in P will appear ſtationary, when the 
Earth is in K. In the ſame Manner it may be 
ſhewed, that the right Lines PT and LT are, as 
the Velocities, and that LT touches the Orbit of 
the Earth in L. Laſtly, the Lines SK SL being 
drawn will ſhew the Places of the Earth ſeen from 
the Sun, gnd the Angles KSP LSP are the Com- 
mutatio And if the Line S A be the Line of the 
Apſides of the Earth's Orbit, K S A and LS A, will 
be the Angles of the true Anomaly; and conſe- 
uently, if any Error be committed in ſuppoſing the 
Larth's Velocity, it can be moſt accurately correct- 
ed, by having the true Anomaly. 


IT is a Problem of avery different Kind, to define - 


the Time when a Panet is to be ſtationary; and its 
Solution cannot be had from common Geometry: 
yet the aforeſaid Dr. Halley, by an indirect Method, 
and an Approximation, has ſhewed how to find ir. 
It is as follows : 


WHEN the Time of a Station is to be accurately 
determined. 


Having by the former Conſtruction, or a rude 
Calculation, or even from an Ephemeris, found out 
the Day of the Station, find out by the moſt perfect 
aſtronomical Tables, for the Meridian of that Day, 
the Place of the Sun; as alſo the Planets heliocen- 
trick and geocentrick Places, and the Logarithms of 
their Diſtances from the Sun; and to reduce 
their Motions to the ſame Plane, curtate the Di- 
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Lecture ſtance of the Planet, and we have the Triangle 8 T P, 

XX VII. from the Principles of Aſtronomy, where S repre- 

"<2 ſents the Sun, T the Earth, and P the Planet. Draw 

BN XV. Ia Tangent to the Earth's Orbit, and PQ a 

8. % Tangent to the Planet's Orbit, which meet in Q. 

Now, if the real Velocities of the Planet and Earth 

are as PQ and TQ, or as the Sines of the Angles 

PTQ and TPQ , it is plain that the Planet is then 

in the Situation required; that is, it will be there 
ſtationary. | 

HavinG now the Diſtances S'T, SP, we have 

the Ratio of their real Velocities, or of T and Pp. 

For the real mean Velocities of different Planets, 

that is, thoſe Velocities with which at Diſtances 

equal to half the tranſverſe Axes of the Orbits, they 

would deſcribe Circles, are in a reciprocal ſubdu- 

* & t, Plicate Proportion of the Axes. And “ the mean 

Iles, Lect. Velocity of any Planet is to its Velocity is any other 

XXIII. Point Por T, in a ſubduplicate Proportion of its 

Diſtance from the Sun, to its Diſtance from the 

other Focus of the Ellipfe, which call reſpectively 

PF and TF: and putting R for half the tranſverſe 

Axe of the ſuperior Ellipſe, and r for half the tranſ- 

verſe Axe of the inferior, and then compounding the 

Ratio's, the Velocity of the inferior Planet will be to 


that of the ſuperior, or T's to Pp as YRXSPXTEF 


is to yY rX591XPt; and therefore we muſt have 
ready the Logarithm of this Ratio, reduced to the 
Plane of the Ecliptick. 

From the ſame Diſtances we have likewiſe the 
Angles ST Q and SPQ ; for the Radius is to 


the Sine of the Angle STQ,, as ST xTE 
is to half the conjugate Axis of the Orbit; and 
likewiſe the Radius is to the Sine of SPQ, « 


SPP to half the conjugate Axis of the Pla- 
net's Orbit: or, which is more readily perform'd, 
ſay, as the Diſtance of the Planet, in its Aphelion, 
is to its Diſtance, in the Peribelion, ſo is the Tangent 
of half the Angle, by which it is diſtant from the 
Peribelion, to the Tangent of an Angle; which bei 

| ſubſtcact 
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ſubſtracted from the foreſaid half, leaves the Com- Lecture 
plement of the Angle SPQ to a Right, or its Ex- XXVII. 
ceſs above a Right, as it happens that this Angle is 


acute or obtuſe. Reduce this Angle, if it is needſul, 
to the Plane of the Ecliptick; and theſe Things 
being done, ſubſtract the Angle ST Q from the 
Angle $ TP, and to the Angle 8 PQ add the Angle 
SPT, and we ſhall have the Angles QT P and 
QPT'; and, if the Sines of theſe Angles have the 
fame Proportion that the real Velocities have in the 
Points T and P, the Eſtimation is right: But if not, 
take the Difference of the Logarithms of each, or 
the Error of the firſt Poſition. And if the Ratio of 


the Velocities be leſs than the Ratio of the Sines, 


we muſt diminiſh the Angle TSP, by adding or 
ſubſtracting a known mean Angle, ſuch as will agree 
to one Day's Motion; and the contrary is to be 
done, if the Ratio of the Velocities be greater. 


And by a Calculation, juſt like the former, ſeek the 


Logarithms of the aforeſaid Ratio s, for the Noon 
of the preceding or N Day, as the Caſe re- 
1 Then compare the Differences of the fore- 
aid Logarithms, or the Error of the firſt Poſition 
with the Error of the ſecond; and the Sum of the 
Errors, if they be of ſeveral Kinds, or their Diffe- 
rence if they be of the ſame Sort, will be to 24 
Hours, as either of the Errors to the Time between 
the Point of Station, and the Noon on which the 
aſſumed Error was found. This is plain to thoſe 
who underſtand the Rule of Falſe. 

In this Manner the Stations of the Planets may 
be obtained within a few Minutes. But to take 
away the ſmall Errors which may ariſe, by Reaſon 
the Logarithms do not uniformly increaſe as the 
Time, if any one pleaſes, he may renew the Calcu- 
lation, for the Time juſt found out, and which is 
very near the Truth; and ſo bring out the true Time 
to a Minute: but there is no Need of this Correc- 
tion, but in Mercury or Mars. 


Aa} Fos. 
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Lecture For to make this plainer, we will add an Ex- 
XXVII. ample of the Station of Jupiter, which lately hap 
WAYS pened on November the gth 1717. 


November gth at Noon. | Nov. ot at N. 

8. gr., „S. gr. „ „ 

The mean Anom. of Y 9 10 o oo 9 10 5 © 
Mean Motion of © 7 Oo 7 oo| 7 1 6 8 


TINGS from the 5 2 25 11 oo| 2 25 15 53 


© ey en 1$628 5317] 62954 00 
go _ of Y — 2 55720650 55720680 

. Diſt. of O from | 
LOSERS 2 3 499 | 4994186 
* Geocentrick Place 3 5 4 28] 3 5 42 
The Angle ST P 113 48 49| 114 49 by 
The Angle SPT 2 53 28 9 48 34 
The Angle STQ_ 9 23 54 89 23 54 
The Angle SPQ. 92 41 20 92 41 14 
The Angle PTQ 24 25 42 25 25 39 
The Angle T PQ 102 34 48] 102 29 48 
Log. of the Ratio of 8 

ct. 0368210 05368321 
Log. of the Ratio of 


che Sines 5372912 05356757 


3 


The Error of the 1ſt Poſit. 0,004702] 0011564 
The Error of the ad Poſit. 0,011564l * 


AND becauſe one of theſe Errors does exceed the 
Truth, and the other is deficient from it, ſay, as 
16266, the Sum of the Errors, is to 4702, ſo is 24 
Hours to 6 Hours 56 Minutes. Hence we con- 
clude the Time of the Station of Jupiter to have 
been November the gth, fix Hours and 56 Minutes 
after Noon. | 
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LECTURE XXVIL 


Of the Diviſion of TIME, and its 
Parts. 


HE Parts of Time are known to all Men; 
being Days, Hours, Weeks, Months, 
wel and Years. A natural Day is determin- A natural 
ed by the apparent Motion of the Sun Day. 
from Eaſt to Welt, and is that Space of 
Time that flows while the Sun goes from any Meri- 
dian, or horary Circle, till it arrives to the ſame 
again. It is called natural, to diſtinguiſh it from 
that Signification of the Word Day, which is op- 
— to Night, and which are called the artificial 


"Oo 

Al Nations do not og their Day alike. The The 4f*rent 
Babylonians counted the Beginning of their Day g, 
from the Sun-riſing. The Tun formerly, and the ) * 29 
Athenians, from Sun-ſetting; which the Italians, 
Auſtrians, and Bohemians, do at this Time; fo that 
when the Sun comes to the Weſtern Horizon, they 


count the twenty-fourth Hour ; and the Hour after | 1 
the Sun is ſet, they call the firſt Hour. ul. 
THEY who begin their Day at Sun-riling, have I., 


this Advantage, that their Hours tell them how much 
Time is already gone ſince Sun-riſfing ; and they who 
reckon their Hours from Sun-ſetring, have this Uſe 
of it, that they know how long it is to Sun: ſetting, 
that they may proportion their Journies and Labours 
fur that Time. But both of them have this Incon- 

Aag - venience, 
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AL 


Lecture venience, that they cannot immediately tell by their 


XXVIII. Hours the Times of Mid- day or Mid-ni 


ght, but they 


ww muſt compute by the Length of the ] 


Day-time, or 


from whom Hipparc 
Aſtronomer, brought that Way of reckoning into 
Aſtronomy. And Copernicus, and ſome other Aſtro- 
-omers, have followed him therein. But the much 


the Seaſon of the Year; for in different Seaſons, the 
Time of Mid-day is reckoned by different Hours. 
TheEgyptians 8 began their Day at Mid-night, 

us, that antient and famous 


greater Part of the Aſtronomers have thought it better 
to begin their Day from Noon. Yer the Method of 
Beginning from Mid-night. is received in Britain, 
France, Spain, and moſt of the Nations in Europe. 
THERE are two Sorts of Hours, equal and un- 


equal, An equal Hour is the twenty-fourth Part of 


the natural Day. Beſides the Diviſion of Hours re- 
ceived by the Vulgar into half Hours, Quarters, and 
half Quarters, we now generally follow the Aſtro- 
nomical Diviſion, and reckon every Hour 60 Mi- 
nutes, in every Minute 60 Seconds, and in every 
Second 60 Thirds, &c. 

AN unequal Hour is the twelfch Part of the artifi- 
cial Day, or the twelfth Part of the Night; and it 
is called the temporary Hour, becauſe at different 
Seaſons of the Year, it is of a different Length. For 
a diurnal Hour in the Summer is longer than one 
in the Winter; a Night Hour is ſhorter. But in the 
equinoctial Day, the Hours in the Day and Night 


are equal to each other; and therefore the equal 
Hours are called Equinoctial. The Fews and Ro- 


mans formerly uſed theſe Hours, and the Turks 
reckon by them ar this Day, and their Noon always 
falls upon the ſixth Hour of the Day. Theſe Hours 
are allo called p/anerary Hours, becauſe in every 
Hour they fuppoſed one of the ſeven Planets to pre- 
{ide over the World, and they took it by Turns; fo 
that the firſt Hour after Sun-rifing fell on Sunday 


to the Sun, the next to Venus, the third ta Mercury; 


and the reſt in order to the Moon, Saturn, Fupiter, 
and Mars. By this Means, on the firſt Hour of 
the next Day the Moon prelided, and on that 

| Account 


8 as 


LECTURES. 361 


Account gave the Name to that Day; and the Lecture 
Days of the Week by this Method, have had their XXVIII. 
Names from the Planet that governed the firſt 
Hour, till the End of the Week. 715 
A Week is a Syſtem of ſeven Days, in which 4 Vt. 
each Day is diſtinguiſhed by a difterent Name. 5 
The Chriſtian Church called the firſt Day of the 
Week the Lord's Day, the Vulgar term it Sunday, 
and none but the Phanaticks of our Time ever 
called it Sabbath-day. The reſt of the Days of 
the Week were called Ferie, Munday the ſecond 
Feria, Tueſday the third Feria, &c. and Saturday 
they alſo called the Sabbath-day. But the com- 
mon People uſe the ſame Names that were given 
by the Romans; each Day being denominated from 
a Planer. 
A Month is properly that Space of Time the 4 Month. 
Moon takes to perform its Courle in the Zodiack ; 
which, in the Space of a Year, it runs over twelve 
Times. There is another Month nearly equal to 
it, which is meaſured by the Motion of the Sun, 
and is that Space of Time, in which the Sun moves 
through one Sign, or twelfth Part of the Ecliptick : 
Theſe Months are properly Aſtronomical. A Civil 
Month is different from them, and conſiſts of a 
certain Number of Days, fewer or more accord- 
ing to the Laws and Ordinances of the Kingdom 
or Republick, in which they are obſerved. The 
Eggptiaus made each Month to conſiſt of 30 Days, 
and the Year conſiſting of 5 Days more than 12 
Months, they added them to the End of the Year, 
and called them Epogamenæ. 1 
THE Year is either Aſtronomical or Civil; Tz Civit 1 
both Kinds of the Aſtronomical Years, wiz. the Year of tue 1 
Tropical and Periodical, we have already defined Si. | 
in our XXII Lef#ure. The Civil Year is the | 
ſame with the Political Year, eſtabliſhed by the I 
Laws of a Country, and is of two Kinds, Lunar mg 
or Solar, according as it is deſigned to be re- 4 
ulared by the Motions of the Moon or Sun. Yi" 
here are two- Sorts of Lunar Years, the one 
moveable, 
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Lecture moveable, the other fixed: The moveable Year 
XX VIII. conſiſts of twelve ſynodick Months, or of twelve 
Lunations which are completed in 354 Days, and 
vow _ after that Time the Year begins again. This Year 
725 is leſs than the Solar Year, which brings back 
all the Seaſons by eleven Days. And therefor 
the Beginnings of ſuch Years move through 
the Seaſons, and that in the Space of 32 Fears: 
This Form of a Year is obſerved by the Twrks and 
Mahomet ans. © g 
The fixed _SINCE twelve Lunations is leſs than a Solar 
Lunar Year, Year by eleven Days, three Lunar Years are leſs 
than three Solar Years by 37 Days; and there- 
fore, to keep the Months in the ſame Seaſons and 

Times of the Solar Year, to the third Year there 
is a whole Month added, and it conſiſts of 1 
Months: And this is done as often as is needful, 
to keeping the Beginning of the Year always in the 
ſame Seaſon. And the Month added, is called an 
Embolimean or Intercalary Month. In 19 Years 
there are ſeven ſuch Months, and this Kind of 
Lunar Year is called Fixed, and was obſerved 
by the Greeks, whom the Romans followed in this 
Matter till the Times of Julius Ceſar. 

THE Solar Year, which is made conformable 
to the Motion of the Sun, is likewiſe of two Kinds, 
moveable and immoveable. The moveable is cal- 
led the Egyptian Year, becauſe obſerved in that 
Country: And it conſiſts of 365 Days, and is leſs 
than the tropical Year, in which the Sun runs 
his Courſe in the Ecliptick, by almoſt fix Hours. 
By the neglecting of theſe fix Hours, it happens, 
that four ſuch Years are leſs than four tropical ſolar 
Years by a whole Day. And therefore, in four 
Times 365 Years, that is, in 1460 Years, the Be- 
ginning of the Years moves through all the Seaſons 
of the Year. 

Stick therefore an Egyptian Tear is leſs than 
a true Solar Year, by almoſt fix Hours; that 
all the Years may go on according to the Sun's 
Motion, a Regard muſt be had to theſe fix Hours. 
But it is requiſite alſo, that the Political ov 

ave 


The Solar 
Year. 
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have always the ſame Beginning, and that it com- Lecture 
mence with the Day; for it would be inconve- XXVIII. 
nient to have the Year begin ſometimes at one, 


Hour of the Day, ſometimes at another; which 
would neceſſarily fall out, if we added to every 
Year fix Hours. Now, theſe Hours, amounti 
in three Years to eighteen Hours, if they be ad- 
ded to the fix Hours of the fourth Year, will 
make a whole Day: Therefore, this Day being 
added to the fourth Year, will reduce it again to 
be even with the Motion of the Sun. Julius Ceſar 
perceiving this, ordered that every tourth Year 
ſhould have an Intercalary Day, which therefore 
conliſts of 366 Days; and the Day added is put 
in the Month of February. And becauſe in the 
common Year the 24th of February, in the Roman 
Way of Reckoning, was the ſixth of the Kalends 
of March, or the {ixth Day before the Kalends of 
March, Ceſar ordered that for that Year, there 
ſhould be two Sixths, or that the Sixth of 
the Kalends of March ſhould be twice reckoned ; 
upon which Account the Year was called Biſſextile, 
which we name the Leap-Year. This Form of a 
Year was inſtituted by Julius Ceſar, who was then 
High- Prieſt among the Romans, and was called the 

es Yer; whoſe Nature 1s, that every fourth 

ear conſiſts of 366 Days, and the other three 
only of 365. 

BuT it muſt be acknowledged, that the Time 
appointed by Julius Ceſar for the ſolar Year is 
too much; for the Sun finiſhes his Courſe in the 
Ecliptick in 365 Days, 5 Hours, and 49 Minutes, 
and therefore he begins again his Round, eleven 
Minutes before the Civil Year is ended. So that 
if the Sun in any Year has entered the Equi- 
nox upon the 2oth of ' March at Noon-day, after 4, 
Years he will arrive at the Equinox 44 Minutes 
before Noon, and the fourth Year after thar, he will 
be there 1 Hour 28 Min. before Noon; and ſo every 
Year 11 Minutes ſooner than by this Reckon- 
ing; ſo that in 131 Years, he will anticipate or en- 
ter the Equinox a whole Day before the 2oth Fa 

March : 
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March : And therefore the celeſtial Equinox will 
not always fall upon the ſame Day of the Month, 
but by Degrees it will move towards the Beginning 
of the Year: And this ſo ſenſibly, in Compaſs of 
Time, that it cannot be doubted. 

 HEeNCcE in the Time of the Council of Nice, 
(about which Time, the Terms were ſettled for 
obſerving Eaſter) the vernal Equinox fell upon the 


twenty-firſt of March: But the Equinox continually 


falling backwards in the Year, in the Year of 


Chriſt 1582, when the Kalendar was corrected, it 


The Grego- 
rian Tear, 


was found, that the Sun entered the equinoctial 
Circle on the 11th of March, and was departed 
ten whole Days from its former Place in the Year: 
And therefore, when Gregory the XIIIth of that 
Name, Biſhop of Rome, deſigned to place the Equi- 
nocties in their former Situation, in reſpect of the 
Year ; he took thoſe ten Days out of the Kalendar 
that Year, and ordered, that the Eleventh of March 
ſhould be reckoned as the twenty-firſt: And to 
prevent the Seaſons of the Year from going back- 
wards as they did before; he ordained, that every 
hundreth Year, which in the Julian Form was to 
be a Biſſextile, ſhould be a common Year, and 
conſiſt only of 365 Days; but becauſe that was too 
much, every four hundredth was to remain Biſſex- 
tile. This new Form of the Year being eſtabliſhed 
by the Authority of the Biſhop of Rome, Gregory 
XIII. is called by his Name the Gregorian Year, 
and is received in France, Stain, Italy, Germany, 
and in all the Countries where the Pope's Authority 
is acknowledged; as likewiſe, lately in ſeveral where 
the reformed Religion is obſerved. Yet in Britain, 
and other Northern Countries, the Julian Form of 
the Year 1s ſtill retained. 

. THE Perſians obſerve the Egyptian Form of the 
Years to this Day, whence it is that Equinocties 
remain not in the ſame Month, but move thro 
them all; and after a Period of about 1460 Years, 
the Beginning of their Year falls in with the ſame 
Time of the true Solar Year. This Time or 3 
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riod is called the Great Canicular Year, or the So- Lecture 
thiacal Period, becauſe it takes its Beginning on the XXVIII. 
firſt Day of the Month Thozh, or the firſt Day of gFWWw 
that Year, when the Dog-Star riſes heliacally, 
for the Word Sothis, in the Egyptian Language, 
ſignifies the Dog, which in Greek is called a5goxvan, 
that is, the Dog-Star, which the Aſtronomers name 
Sirius. 

THE Antients not only diſtinguiſhed the Times 
by Years, but by ſeveral Revolutions or Colle- 
ctions of Years; ſuch was the Jubilee of 49 or 
o Years; an Age conſiſted of an hundred Years. 

t among the Greeks, the pp way were eſteem- 
ed the moſt Famous, each ot them containing the 
Space of four Years. 

As in the Heavens. there are certain Points, 
from which the Aſtronomers begin their Compu- 
tations of the Planets Motions; ſo alſo there muſt 
be certain Points, or Inſtants of Time, from which 
as from Roots, all Calculations muſt begin: And 
all memorable Actions are diſpoſed and recorded, 
according to the Series of Years which follow from \ 
that Root. Theſe Roots are called Epoch's or 
ARA's, from which we generally count our Years 
and Times. The moſt famous, belt known, and 
moſt uſed by us, is that which is reckoned from 
the Nativity of our Lord Feſws, which begins at 
the Kalends of Fanuar), that immediately followed 
his Birth. 

N ow, although this Epoch is generally received 
by Chriſtians, yet the Engliſb and Iriſh have an 
Epoch a whole Year poſterior to it, which they 
commonly uſe in all Publick and Ecclefiaſtical Af- 
fairs: For they do not begin their Year with the 
firſt of January that follows the Nativity, but with 
the Feaſt of the Conception or Incarnation, which 
is obſerved on the 25th of March; and therefore, 
it is, that the Exgliſh reckon from the Feaſt of 
Lady-Day 1718, that there are compleated 1717 
Years; but from the Birth of our Lord, to the 
Feaſt of the Nativity of the Year 1717, they 
number 
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Lecture number only 1716 Years elapſed; whereas all the 
XXVIII reſt of the Chriſtian World count 1717 Years. 
IN this Affair, they exactly agree with Diozy- 
The ts feus, ſutnamed the Leſs, according to whom, Chriſe 
ef the An. is ſuppoſed to have been conceived the 8th of 
"4.7 ol Kalends of April, in the firſt Year of this 
E RA; and was born the Winter following, at 
the End of the 46th Year, from the Reformation 
of the Kalendar by Julius Ceſar. This Way of 
computing was at firſt univerſally received; but 
afterwards,” by Degrees and tacitely, all Nations 
receded from it; fo that ir does only now take 
Place in Eng/and, and the Dominions thereof; and 
the common Opinion is, that Chriſt was born the 
Winter preceding the Time that Dionyſius reck- 
oned the Conception to have been; and by this 
Means, they make Chriſt to have been a Year be- 
fore Dionyſus, the Author of the Ara, ſuppoſed he 
was born. 
Bur yet for all this, the Exgliſb, for the great- 
eſt Part of the Year, deſign it by the fame Num- 
ber that the reſt of the Chriftian World does : 
But for three Months, viz. from the Kalends of 
January to the 8th of the Kalends of April, they 
write one leſs. 

THERE is likewiſe the Epocha of the Crea- 
ziox, which is much noted; yet about it there are 
great Controverſies among the Chronologiſts; ſome 
affirming, that the World was created 3950 Years 
before the Birth of Chriſt ; others again ſay, that ar 
the Birth of Chriſt, the Age of the World was 3983 
Years. The Greek Church, and the Emperors of 
the Eaſt, uſed an Epocha of the Creation, which 
was much more antient, and makes the World to 
have been created 5509 Years before the Coming 
of Chriſt. | 

Ao d the prophane Authors, the ancienteſt 
Epoc ha is that of the Olympi ade, which begun at the 
Summer of the Year 777, preceding the Birth of 
Cbriſt, and on the Kalends of July 

HE Epoch of Rome, or of the Building of the 
City, is not long after the O/ympiads, and there 
are 


Inn 367 


are two of them, the Varrosian and Capitolian; Lecture 
according to the firſt, the City was built the Year XXVIII. 
before Chriſt 753 ; according to the other, it was 
in the Year 752. 
THE Era of Nabonaſſer has always been fa- 
mous among the Aſtronomers, and began on the 
6th of February of the Fulian Year carried back- 
ward, and before Chriſt 747. And becauſe that 
Day was then the firſt of the Egyptian Year, Pro- 
lemy, and after him Copernicus, computed the Mo- 
tion of the Stars, according to that Ara, by Egyp- 
tian Years; for the Feet, Year is very conve- 
nient for Aſtroxomical Calculations, it being inter- 
rupted by no intercalary Days. . 
AFTER this, we have another Epocha of the 
Death of Alexander the Great, the three Hundred 
and twenty fourth Year before Chriſt, on the 12th 
of November; which was then the firſt Day of the 
Egyptian Year. Theon, Albategnius, and ſome 
others, have computed from thence according to 
the Egyptian Year. Between the two Kras of 
Nabonaſſer, and of the Death of Alexander, there 
are preciſely 424 Egyptian Years. The Abiſſines 
reckon by another Ara, which is called the Era 
of the Martyrs or of Diocleſian. The Turks and 
Arabians reckon by an ra, which they call the 
Hegira, which takes its — from the Flight of 
Mahomet. The Perſians have likewiſe an Epoch, 
which they call Feſdegird; all which are explained by 
the Chronologiſts. But the Julian Period, ſeems to 
be the moſt uſeful and convenient of all, it includ- 
ing almoſt all other Æra's within it, and it is a Pe- 
riod of 7980 Years; which Number is compoſed by 
the Multiplication of the three Numbers, 15, 19, and 
28. The firſt is the Cycle of the Indiction; the ſe- 
cond is the Metonick Cycle of the Moon; and the 
third is the Cycle of the Sun. And the firſt Year of 
this Period was that wherein all theſe three Cycles 1 
began together. I will here add a Table; which 13 
gives the firſt Year of the ſeveral Aras, 9 re- | | 
uces 
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XXVIIL to the Years before or after the Birth of Chriſt. 


2 


The Creation of the World <p 


ding to the Greek Emperors, 
The Compton Era of the Creation, 
The Beginning of the Olympiads, 
The Building of Rome, according to : 
Varro, 
The Building of Rome, according to 
the Regiſters of the Capitol, £ 
The RA of Nabonaſſar, 
The Death of Alexander the Great, 


The common Chriſtian Epoch, 
The Diocleſian Era, 

The Hegira of the Turks, 

The FJeſdegird of the Perſians, 


Years 
before 
Chriſt, 


5508 


3950 
776 


153 


Years © 


the Julian 


Period. 


765 
3938 


3961 


3962 


3967 
4390 


4714 
4997 


+4 


5347 


\ 
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L'E:C'T U RE XK, 


Of the Kalendars. "Of Cycles and 
Periods. 


HE Kalendar is a Table, in which are 23, Kalen- 
ſet down all the Days of the Year; in a dar. 
regular Diſpoſition, according to their 
onths, with a Diſtribution of them 
into Weeks. The Vigils, Holy-days, 
and Law-days, together with the Univerſity Terms, 
are likewife annexed. The Diſtribution of Days 
into Weeks is made by the ſeven firſt Letters of the : 
Alphabet, ABCDEFG. Beginning at the firſt of rb; yea 
Fanuary, to it place the Letter A; to the ſecond of NY 
Fanuary B is joined; to the third C; and ſo on to 
the ſeventh, where G is figured : And then again 
beginning with A, which is placed at the eighth Day, 
B will be at the Ninth, C at the Tenth; and fo 
continually repeating the Series of theſe {even Letters, 
each Day of the Year has one of thoſe Letters in 
the Kalendar. By this Means the laſt of December 
has the Letter A joined to it. For if the 365 Days 
which are in a Year, be divided by ſeven, we ſhall 
have 52 Weeks, and one Day over. If there had 
been no Day over, all the Years would conſtant- 
ly in on the ſame Day of the Week; and 
each Day of a Month would conſtantly have 
fallen upon the ſame Day of the Week. Bur 
nov, becauſe, beſides the 52 Weeks in the Year, 
chere is one Day more, m_ thence it happens, that 
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Lecture on whatever Day of the Week the Year begins, it 
XXIX. ends upon the ſame Day; and the next Year be- 
ins with the following Day. For Example, in a 
common Year of 365 Days, if the Year begin on 
a Sunday, it will end on a Sunday; and the firſt Day 
of the next Year will be Monday. 
Tux Letters being ranked in this Order; that Let- 
ter which anſwers to the firſt Sunday of January, in 
a common Year, will ſhew all the Sundays throughout 
the Year; and to whatever Days in the reſt of the 
Months that Letter is put, theſe Days are all . 7 
and therefore that Letter is called the Dominical or 
Sunday Letter of that Year. So alſo whatever Let- 
ter is joined to the firſt Monday in Fanuary, the 
ſame, as often as it is repeated in the Kalendar, ſhews 
the Mondays throughout the Year. 
IF the firſt Day of Jauuary be a Sunday, the laſt 
Day of the Year, as I have ſaid, will likewiſe be a 
Sunday ; and therefore, the next Year will begin on 
Monday, and the Sunday will fall on the ſeventh Day, 
to which is annexed the Letter G; which therefore 
will be the Sunday Letter for all that Lear: And ſince 
the Year began on Monday, it will alſo end on that 
| Day; and the following Year will begin on a Tue ſday, 
þ and the firſt Sunday will fall upon the ſixth of Fanu- 
| ary, to which Day is adjoined the Letter F, which is 
ö the Sunday Letter for that Year. And in the ſame 
Manner for the Year next following, the Dominical 
| Letter will be E: By this Means the Sunday Letters 
| 
i 
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will go in a retrograde Order by G FE D CBA. In 
the yearly Kalendars, which we call Almanacks, 
which is an Arabick Word, the Dominical Letter, 
to diſtinguiſh it the better, is made a Capital, 
| and all the reſt are of a ſmaller Form. By this 
j Means, at one View, we ſhall ſee all the Sundays in 
FF? the Year. | 
$ IF all the Years were Egyptian Years of 365 Days, 
[ | x | after a Period of ſeven Years, the ſame Days of the 
Month would return to fall on the fame Days of the 
Week. But we obſerving the Julian Year, where 
every fourth is Biſſextile, or conſiſts of 366 Days, 
in which, beſides the 52 Weeks, there are two Days 
over. 
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over. If that Year ſhould begin with a Sunday, it Lecture 
will end on a Monday ; and the next Year will begin XXIX. 
on Tueſday; and the firſt Sunday of that Year will be wy 


on the ſixth of January, to which is annexed the 
Letter F, which will be the Dominical Letter for the 
Year following that Leap-year, whoſe Dominical Let- 
ter was A. 

By this Means, the Biſſextile Year returning every 
fourth Year, the Series of the Dominical Letters, ſuc- 
ceeding each other, is interrupted, and does not re- 
turn in Order till after four times ſeven, or twenty- 
eight Years. Hence ariſeth the Cycle of 28 Years, 


which is called the Cycle of the Sun; which being The Cycle of 
completed, the Days of the Months return in the .%e Sun. 


ſame Order to the ſame Days of the Week. In this 
Cycle all the Biſſextile Years have two Dominical Let- 
ters, the firſt of which takes Place till the 24th or 
25th of February, and the other ſerves for all the reſt 
of the Year : For in the Biſſextile Year the 24th and 
25th 'of February are eſteemed as one and the ſame 
Day, and both of them have the ſame Letter F an- 
nexed to them; and by this the Order of the Sunday 


Letter is interrupted. For Example, If in the Be-* 


ginning of the Lear the Sunday Letter is E, the 24th 
of February will fall upon a Monday, and the 25th 
on a Tueſday; both which Days are marked with the 
Letter F ; and therefore the following Letter G, 


which ſhewed the Tueſdays before, will now point 


out the Wedneſdays; and the next Sunday will fall 
upon the ſixth of March, to which, in the Kalendar, 
is annexed the Letter D; which will point out the 
Sundays for all the reſt of the Year, and then becomes 
the Dominical Letter. 

Tux firſt Year of the Cycle of the Sun is a Biſſex- 
tile ; and the Dominical Letters, anſwering to it, are 
G and F. For the ſecond Year the Sunday Letter is 
E, for the third D, the fourth C; and again, the 
fifth Year of the Cycle being a Biſſextile, has two Do- 


minical Letters Band A; and ſo in the reſt, The fol- 


lowing ſmall Table ſhews what Dominical Letter be- 


longs to each Y ear of the Cycle. 
BD 2 I 
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To find the Tear of the Cycle 71 the Sun, for 


any Year of the Chriſtian Era; To the current 
Year of Chriſt add 9, becauſe from the beginning 
of the Cycle, till the firſt Year of Chriſt, there were 
9 Years paſt: Divide the Sum by 28, the Quotient 
ſhews the Number of Cycles, that have revolved 
ſince the firſt Year before Chriſt, till the current 
Year; and the Remainder, if there be any, is 
the current Year of the Cycle; but if there be no 
x pa then 28 is the current Year of the ſolar 
Cycle. . | 
Pas the fixed and ſettled Feaſts, which are 
always on certain and determined Days of the Lear, 


there are other Feaſts and Holydays, which are 


The Feaſt of 


Eaſter. 


moveable, and in different Years fall upon different 
Days of the Month, and ſometimes in different 
Months: Theſe Holydays are not regulated by the 
Motion of the Sun, but by that of the Moon : Such 
was the Feaſt of the Paſſover, inſtituted by God him- 
ſelf, for the Jews to obſerve; and is ſucceeded b 
the Chriſtian. Eaſter, in Memory of our Saviour's 
Reſurrection. God ordained that the Paſſover ſhould 
be celebtated in the firſt Month, the 14th Day of 
the Month at Even. See Leviticus Chap. XIII. 
Now the Fewiſh Year was a lunar Year, and ſo 
ordered by intercalary Months, that the Month, 
whofe fourteenth Day, or whoſe full Moon, fell 
either on the Vernal Equinox, or next after it, was 
reckoned the firſt Month of the Year. The Chri- 
ſtian Church was willing to obſerve the ſame Me- 
thod in celebrating of Eaſter. But yet, to diſtinguiſh 
it from the 7euiſb Paſſover, would not * the 
eaſt 
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Feaſt on the 14th Day, but on the Sunday, after, Lecture 

becauſe our Lord roſe upon the Sunday atter the XXIX. 

Fewiſh Paſſover. WAI 
THEREFORE for determining the Time for the 

Celebration of Eaſter, we muſt define the Time of 

the Equinox, which was believed to be fixed to the 


twenty-firſt of March, and the Fathers thought it | 1 
could never happen on any other Day; and there- | 
fore they made their Kalendar upon that Suppoſi- | 
tion. Then they called that the Paſchal or firſt | 
Month, whoſe 14th Day, or Full Moon, fell on 


the equinoctial Day, that is, on the 21ſt of March, | 

or next followed the 21ſt of March. But becauſe 6 

the Zewiſh Months were lunar Months, the 14th 

Day immediately preceded the Full Moon; there- 

fore, for the Time of the Obſcrvation of Eaſter, 

we muſt have a Regard to the Motion of the Moon, | 

and the Times of New-Moons and Full-Moons | q 

muſt be found. The Fews had no other Way of ) 
finding the New-Moon, but by obſerving it; and | 

when the Moon firſt appeared to emerge out of the Y 

Sun's Rays, or to riſe in the Evening heliacally, ' =_ 

that Day they called the firſt Day of the Moon or 1 

Month. The Chriſtian Church computed their ; 

Lunations by the Metonick Cycle of 19 Years; and 

therefore, they inſerted this Cyc/e in their Kalendars, 

and called its Numbers the Primes or Gold-numbers, 

by which they determined the Times of the Luna- 

tions. | 

Tarr Metonick Cycle, called ſo from its In- que cycle 

ventor Meton, is allo termed the Cycle of the f the Ne, 

Moon, and is a Period of 19 Lears; which when er 3 

they are compleated, the New-Moons and Full- Cycle 

Moons return on the ſame Days of the Month; 

ſo that on whatever Days the New and Full- 

Moons fall this Year, 19 Years hence they will 

happen on the very ſame Days of the Months, 

as Meton, and the Fathers of the Primitive Church 

thought. And therefore, at the Time of the 

Council of Nice, when the Way of ſettling the 

Time for obſerving the Feaſt of Eaſter was 
eſtabliſhed, the Numbers of the lunar Cycle were 
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inſerted in the Kalendar, which upon the Account 
of their excellent Uſe, were ſet in golden Letters, 
and the Year of the Cycle for any Yar, was called 
the Golden Number of that Year. | 
THE Golden Numbers were placed in the Ka- 
lendar, according to the following Method; taking 
any Year for the Beginning of the Cycle, which they 
reckoned by the Number 1, and obſerving, every 
Month, the Days on which the New-Moons hap- 
pened that Year, juſt by thoſe Days 94 joined 
the Number 1. And becauſe, in that Year, the New- 
Moons happened on the twenty-third of Zanuary, 
the twenty-firſt of February, the twenty-third of 
March, the twenty-firſt of April, the twenty-firſt 
of May, the nineteenth of June, and fo in the 
reſt; juſt by thoſe Days in the Column of the 
Golden Number they put the Number 1. The ſe- 
cond Year obſerving the New Moens, to the Days 
on which they happened they inſcribed the Num- 
ber 2, viz. to the twelfth of Januar), the tenth 
of February, the twelfth of March, and tenth of 
April, and fo on in the reſt of the Months. The 
ſame Thing was done the third Year, annexing the 
Number 3 to all the Days the Moon changed in 
that Year; and fo on, in the following Years, till 
the whole Period of 19 Years was compleated. 
But the moſt accurate Diſpoſition of the golden 
Numbers is by the mean Lunations, as they are 
ſet down in the Aſtronomical Tables, for every 


Month and each Year of the lunar Cycle; and fix- 


ing, according to that Computation, the Character 
of the Year to cach Day on which the Lunation 
happens. - 
BECAUSE a lunar Aſtronomical Month con- 
ſiſts of 29+ Days, 12 Hours, 44 Minutes and 3 
Seconds; the common People, who cannot di- 
ſtinguiſn the ſmall Particles of Time, make 


the lunar Months to conſiſt of entire Days with- 


out Fractions, and on that Account they alter- 
nately put one Month of 3o Days, and the next 
of 29 Days. Theſe are called Hollow or Cave, 

that 
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| that is, deficient Months, the others Full; the 12 Lecture 
Hours over the 29 Days, requiring this Alternation: XXIX. 
But becauſe there are 44 Minutes beſides, which www 


is almoſt three Quarters of an Hour, in every Lu- 


nation ; in 32 Lunations theſe Minutes will make 
up a whole Day, which is to be added to a hollow 
Month ; and by this Means the Lunations of the 
Kalendar will nearly agree with thoſe of the Hea- 
vens. 

Ir we know the Year of the lunar Cycle, which 
in our Liturgy is called the Prime, we have the 
Days of the Moon's Change throughout the Year; 
for in each Month, the Golden Number or Prime 
is ſet to the Day the Change happens on; and add- 
ing to that 14 Days, we ſhall have the Day of 
Full-Moon. 

THE Antients imagined, that the Cycle of 19 
Years did exactly compleat 235 Lunations ; and 
therefore, after the Revolution of that Time, that the 
New-Moons not an fell on the ſame Days of the 
Month, but likewiſe on the ſame Hours of the 
Day, which is not true: For in 19 Julian Years, 
there are 6939 Days and 18 Hours. But if to 
every Lunation we allow 29 Days, 12 Hours, 
Minutes, 3 Seconds, which the Motion of the Moon 
requires; 235 Lunations will make 6939 Days, 16 
Hours, 31 Minutes, and 45 Seconds. Therefore 
235 Lunations are not equal to 19 Julian Years, 
but are leſs by one Hour and an half. And conſe- 
quently, the New-Moons, after 19 Years, will not 
return to the ſame Hour, but will be an Hour and 
a halt ſooner; and in 304 Years they will anticipate 
a whole Day. And therefore the Golden Number 
will, preciſely enough for common Uſe, ſhew the 
Lunations in the Space of three Centuries, without 
the Error of one Day. In the Council of Nice, 
when the Cycle of the Moon was fitted to the Ka- 
lendar, and ſome Centuries afterwards, it did nearly 
enough give the Time of the New Moons. But 


the Lunations in every 304 Years anticipating a. 


whole Day, they now happen almoſt five Days 
; Bb 4 ſooner 
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Lecture ſooner than they ſhould do, according to the Rule 
XXIX. of the Golden Number: Notwithſtanding of this, 
che Church of England retains the Way of com- 


puting the Lunations by the Golden Number, as 
it was diſpoſed in the Kalendar at the Time of 
the Nicene Council: And the New Moons, com- 
uted in that Manner, are called Eccleſiaſtical New- 
oons, to diſtinguiſh them from the true ones, 
in the Heavens: And the general Table or Rule 
for finding Eaſter for ever, which is in our Litur- 
» by the Golden Number and Dominical Letter, 
is made according to that Diſpoſition of the Golden 
Number. | 3 
IN the firſt Year of the Chriſtian ra, 2 
was the Golden Number; and therefore, if to the 
current Year of Chriſt we add 1, and divide the 
Sum by 19, the Remainder, after the Quotient, will 


give the Golden Number. 


FROM the Cycles of the Sun and Moon multi- 
plied into one another, ariſes a third Period of 
532 Years, which is call'd the Victorian or Dio- 
2yſian Period: And after the Completion of this 
Period, not only the New and Full-Moons return 
to the ſame Days of the Month; but alſo the 
Days of the Months return to the ſame Days of 
the Week; and therefore the Dominical Letters, 
and the moveable Feaſts, return again in the ſame 
Order. Hence this Cycle is called the great Paſ- 
chal Cycle. | wh | 

To find the Year of the Dionyſian Period 
for any Year of Chriſt, to the current Year add 


the Number 457, and divide the Sum by 532, 


the Remainder, after the Quotient, is the Year of 


the Period. | 
IT is a Problem of another Kind: Having the . 


Cycles of the Sun and Moon, to find the Tear of 
the Dionyſian Period. For Example, ſuppoſe the 
Year of the Cycle of the Moon be to 17, and of 
the Sun 21: To ſolve this Problem, it is re- 
quired to *find a Number, which, when it is di- 
vided by 19, leaves 17, and when it is divided by 
28, leaves 21. To find this, let it be requir'd 

| to 
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to find two Numbers, one of which will divide Lecture 
exactly by 28, without a Remainder, but when XXIX. 
it is divided by 19, leaves 17; and another Nun 


ber, which will divide exactly, without a Remain- 
der by 19, but when it is divided by 28, leaves 
21: It is plain, that the Sum of theſe two Num- 
bers will anſwer the Queſtion. 

We will here ſhew the analytical Inveſtigation 
of theſe twa Numbers. We will ſuppoſe the firſt 
Number to be 28 x, for it is a Multiple of 28; 
and becauſe this Number, divided by 19, leaves 
17; if we take 17 from it, the Remainder, di- 
vided by 19, will be a Number; ſince then 19 di- 
vides 28 & — 17, and it alſo divides 19 x, there- 
fore it will divide their Difference, which is 


9x —17; conſequently 2 25 is a Number. 
Call that Number u, conſequently 9 x — 17 = 19, 


and 9 x = 19 2 + 17, md x = 2 117 


9 
and becauſe x is an intire Number, 9 muſt divide 


19% + 17, but 9 divides 18 » + 9; therefore it 
will divide the Remainder » + 8, and therefore 


Y * is a Number. Let that Number be t, and 


» will be = 1, and x 4; conſequently, 


28 x = 112 == to the firſt Number to be found. 


Suppoſe, the ſecond Number to be 19); for it 


muſt be a Multiple of 19; therefore _ . — on 


is an integer Number; ſuppoſe it to be 2; then 


as T , which, 


19) — 21 == 28 , and) 


muſt likewiſe be an intire Number; and therefore 
28 » 21, will be divided by 19: But 19 divides 
19 = + 19; wherefore it will divide the Remainder 


925 and 8 is an intire Number; ſuppoſe 


19 
1 8 10 — 2 
it =p; then is 9g + 2 =19f,andn= - — 


therefore 
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Lecture therefore 9 muſt divide 19 p — 2 ; but it divides 
XXIX. 18 p, therefore it muſt alſo divide p — 2, and 


7 


—2 
is an Integer or o: Let it be equal to o, then 
9 . 


is p == 2, and PP —=2Z=z=4, and 19 y =28 1 


+ 21==1333 therefore one of the Numbers is 1125 
and the other is 133, whoſe Sum is 245, the 


Number requir'd: And whenever the cycle of the 


Sun is 21, and that of the Moon 17, the Year of 
the Dionyſian Period is 245. 

THE ſame Problem may be otherwiſe ſolved, 
by ſtated and conſtant Multiplicators, which are 
ſuch, that one of them can be divided by 28, 
without any Remainder; but if it be divided by 
I9, there remains 1: The other will divide by 19 
without a Remainder ; but when it is divided by 
28, there is a Remainder of 1: Such Numbers 
are found in the ſame Way, as the preceding Num- 
bers were; viz. I ſuppoſe the firſt to be 28 x, and 
the other 19 y; wherefore 19 will divide the Num- 
ber 28 x — 1, without any Remainder ; and therefore 
it will divide 9 x— 1 without a Remainder, and 
— * ? will be a whole Number: Suppoſe it 


I97 I 7¹ 5 
equal to z; then x = * therefore nh, is an 


| _— 


9 
intire Number, and the leaſt Number that can 


be put for» is 8: Let therefore x = 8, and x, be- 
ing = —.— muſt be 17; therefore the firſt 
Number, being 28 x, will be 476. Again, let 


= 8 = u, then y = 289 T1 3 ſuppoſe 


l | 19 

2 then is = 122, and „ 
19 9 

ther a Mh le Number or nothing; let p — 1== o, 


and p = 1; then z 1 19% 28 1 


＋ 
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+ 1 = 57. Therefore the two Numbers that Lecture 
were to be found are 476 and 57. And becauſe XXIX; 
the Number 476, divided by 19, leaves 1, if it be WW 
multiplied by any Number leſs than 19, and the 

Product be divided by 19, there will remain the 
Number which multiplies it. In like Manner, be- 

cauſe 57, divided by 28, leaves 1, if 57 be multi- 
plied by any Number leſs than 28, and the Product = 
be divided by 28, there will be left that Number | 
which multiplied 57. Hence we draw this rune: | 
Rule, for finding the Year of the Dionyſian Period. 
Multiply the Cycle of the Sun by 57, and the Cycle 1 
of the Moon by 476; divide the Sum of the Pro- ! 
ducts by 532, the Remainder, after the Quotient, will 

be the Year of the Djonyſian Period. 

BESIDES the Cycles of the Sun and Moon, Th Cycle of l 
there is another Period of Years, which is called“ efien. \ 
the Cycle of Indictions, which the Romans uſed, i 
and has no Connection with the celeſtial Mo- 
tions, Nor is 5 of 15 ous which be- n 
ing compleated, it ins again. I. is frequent! vv" | 
A in the 33 and Pontrfical . hy a uh, 
The Year before the Birth of Chrift, the Indittion 
was 3; and therefore, if to the Year of Chriſt you 
add 3, and divide the Sum by 15, the Remainder 
ſhews the Year of the Indiction. If there be no 
Remainder, the Indiction is 15. 

OF theſe three Cycles of the Sun, Moon, and De Julian 
Indiction, by their mutual Multiplication, the Ju- Feria. 
lian Period of 7980 Years is compoſed. This Pe- 
wiod had its Beginning 764 Years before the Crea- 
tion, and is not yet compleated ; and therefore it 
comprehends all other Periode, Cycles, and Epoches 
and the Times of all memorable Actions and Hi- 
ſtories. There is but one Year in the whole Pe- 
riod, which has the ſame Numbers for the three | 
Cycles of which it is made up; and therefore, if ; 
the Hiſtorians had remark'd in their Annals the by 
Cycles of each Year, there had been no Diſpute 1 
about the Time of any Action. From the . 

Tux Year before the Birth of Pat o was the T 
4713th Year of the Julian Period. And therefore, find the ju- 

it lian Period. 
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Lecture if to the current Year of Chriſt, we add 4713, the 
XXIX. Sum will be the Year of the Julian Period: On 
| the contrary, from the Year of the Julian Period, 
ſubtract 4713, there will remain the Year of the 
Chriſtian Ara. 


* 


From tbe HaviXxG the Years of the Cycle of the Sun, Moon, 


Cycles to and Indiction, to find the Year of the Julian Period. 
find the Year THIS Problem may be ſolved in the ſame Manner, 
4 _ — we ſhew'd in the like Caſe about the Dionyſian 
Period, wiz. by finding 3 Numbers, ſuch as the 
firſt is a Multiple of 19 and 15, or of their Pro- 
duct 285; but being divided by 28, leaves the Num- 
ber of the Cycle of the Sun for a Reſidue. The ſe- 


cond Number muſt be a Multiple of 28 and 15, or 


of their Product 420; but being divided by 19, leaves 
the Year of the Cycle of the Moon. Laſtly, The 
third muſt be a Multiple of 28 and 19; but being 


The Sum of theſe Numbers, if leſs than 7980, is 
the Year of the Julian Period. But if the Sum be 
bigger, diwide-by» 7980, and the Remainder will be 
the Year of the Period required, 

THE Problem may likewiſe be ſolved by con- 
ftant and ſtated Multiplicators, the firſt of which 
is a Multiple of the Number 285 ; but divided by 
28, leaves 1. The ſecond is a Multiple of 420, 
but divided by 19, leaves 1 for a Reſidue. The 
third is a Multiple of 532, but being divided by 
15, leaves for a Remainder 1. Theſe Numbers 
are to be found, by the ſame Method we ſhew'd in 


riod, and are 4845, 4200, 6916 ; which being 
once found, the Canon, or Rule for finding the 
Year of the Julian Period from the Years of the 
Cycles, is this; multiply the Number 4845, by 
the Year of the Cycle of the Sun, and rhe Number 
4200 by the Year of the Cycle of the Moon, like- 


diction. Divide the Sum of theſe Products by 7980, 
neglecting the Quotient, . the Remainder will be 
the Year of the Julian Period required. Exam- 
ple: In the Year 1719, the Year of the Cycle of = 

: un 


divided by 15, leaves the Year of the Indiction : 


our former Problem, re. the Dionyſian Pe- 


wiſe the Number 6916, by the Year of the In- 
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Sun is 19, of the Moon 9, and of the Indiction Lecture 
11; multiply 4845 by 19, the Product is 92055; XXX. 
and 4200 being multiplied by 9, the Product is 


37800; and laſtly, 6916 being multiplied by 11, 

the Product is 76076. The Sum of the Products 

is 205931 ; Which, being divided by 7980, will have 

a Remainder of 6431 Years, Which is the Year of 
the Julian Period. | 
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LECT UA 6 XXX. 


An Appendix, containing a Deſcription 
and Uſe of both the Globes ; together 
with ſome Spherical Problems that are 
to be ſolved by a Trigonometrical 
Calculation. 


F the Things which pertain to the 
Be Globes, ſome are common to both 
WP Globes, ſome are peculiar to one of 
the two: And thoſe Things that are 
common, are either without the Sur- 
Sc face, or painted on the Surface. With- 
out the Surface of the Globes, are to be ſeen, | 
FIRST, The two Poles, about which the Globe 
. revolve : The one is the Arctic Pole, named fo from 
the two Bears that are nigh to it, and is called like- 
wiſe the Septentrional or North Pole, from the 
Septem Triones, or the ſeven Stars of Charles's Wain ; 
The other oppoſite to it, is called the Antardick 
Pole. | 
SECONDLY, The Brazen Meridian, and 
one Side of it only, which is diſtinguiſhed and di- 
vided into Degrees, and which, paſſing through the 
Poles, repreſents the true Meridian; and this Side 
is always to be turned to the Eaſt, and the North- 
Pole to the North. The Meridiaz is divided into 
tour 
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Lecture four Quadrants of 90 Degrees, two of which are 
XXX. reckoned from that Part of the Equinoctial that is 
above the Horizon, towards each of the Poles ; 


the other two Quadrants have their Diviſions of 90 
Degrees, beginning at the Poles, and ending in the 


Equator. * | 
HIRDL v, the wooden Horizon, whoſe up- 


r Side does on repreſent the Horizon, and is 
divided into ſeveral Circles, the innermoſt of which 
contains the twelve Signs of the Zodiack, diſtin- 
1 by their Names and Characters, and each 

ign is divided into 30 Degrees. Next to this are 
join'd two Circles, with the Julias and Gregorian 


Kalendars, diſpoſed according to their Months and 


Days. The outermoſt is a Circle with all the Points 
of the Compaſs, and the Winds, as they are deno- 
minated by the Sea-men. 

FouRTHLY, a Braſs Quadrant of Altitude, 
whoſe Edge is divided into Degrees, and is to be 
faſten'd to the Meridian at the goth Degree from 
the Horizon; from which the _ are num- 
ber'd upon it upwards to the Zenith. 

FiFTHLY, The Horary Circle divided in- 
to twice twelve Hours: The 12th Hour at Noon 
is upon the upper Part of it at the Meridian, 
and the 12th ar Night is on the Meridian at the 
lower Side towards the Horizon. The Pole car- 
ries round the Hand which ſhews the Hour, 
and is in the Center of the Circle: The Hours 
upon the Eaſt Side of the Meridian are the Morn- 
ing Hours ; theſe on theWeſt Side are the Hours 
after Noon. 

SIXTHLY, The Mariners Compaſs is fixed 
upon the Pediment or wooden Frame, which 
contains the Globe; and by it the Globe is put 
in a right Poſition, in reſpect of the Points of the 
Heavens. * 

SEVENTHLY, The Semicircle of Poſition, 
whoſe Extremities are fixed to the Points of North 
and South, ſo that the Semicircle can be moved 
freely from the Horizon to the Meridian, and may 
be raiſed to any Poſition, Theſe Things we have 

deſcribed 
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deſcribed are without the Globe. But on the Sur- 
faces are delineated the Things following: 


FIRST, The equinoctial Circle divided into 


260 Degrees; the Numbers begin at the 'vernal 
Interſection, or at firſt of Y, and are continued 
till they return to the ſame. 

SECONDLY, The Ecliptick, divided into 
12 Signs, and each Sign into 3o Degrees, their 
Names, Characters, and Order are to be learned: 
they are, 


T | o IT 
Aries, or the Ram. Taurus, or the Bull. Gemini, or 
Z q 
the Twins, Cancer, or the Crab. Leo, the Lion. 
4 = | m 
Virgo, the Virgin. Libra,the Balance. Scorpius, the 
7 W 
Scorpion. Sagittarius, the Archer. Capricornus, the 


* : * 
Goat. Aquarius, the Water-bearer. Piſces, the Fiſhes. 


THE Sun in his annual Motion paſles through 
the Ecliptick, and if we add to it a broad Space 
of about eight Degrees on each Side, we have the 
Zodiack, in which are the 12 Aſteriſius or Con- 
ſtellations, the moſt of which have the Likeneſs of 
ſome living Creature; upon which Account the 
Zodiack has its Name. In this broad Circle the 
Moon, and all the Planets perform their Motions : 
The Ecliptick is to be diſtinguiſhed from the 
Equinoctial Circle by this, that the Equinoctial, 
while the Globe is turned, does always cut the 
Meridian and the Horizon in the fame Points. But 
the Ecliptick conſtantly changes its Poſition ; ſome- 
times, While the Globe is turning, it is high, ſometimes 
it is low; ſometimes it cuts the Æquator and the 
Horizon in one Degree, ſometimes in another. 

THIRDLY, There are two Tropicks of S 
and W, which are the Limits or Boundaries of the 
Sun's Deviations from the Equinoctial, either to- 
wards North or South, including between ** 

| the 
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is moſt convenient. 
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the oblique Courſe. of the Sun, that is, the Eclip- 
tick, and may be called the outermoſt of the Sun's 
Parallels. For becauſe the Sun every Day paſſes 
to a different Degree of the Ecliptick in its annual 
Motion, that Degree with the Sun in it, being car- 
ried round the Earth, by the diurnal Revolution of 
the Heavens, will deſcribe a Circle parallel to the 
quator; and then there muſt be ſo many Parallels, 
as there are Days from the longeſt to the ſhorteſt ; 
tho” the Sun does not remain for a Day in one Point 
of the Ecliptick, but is continually advancing for- 
ward; and therefore does not deſcribe a perfect 

Parallel, but rather a ſpiral Line: But the Diſtance 
between each __ being but very ſmall, eſpecially 
near the Tropicks, we may well ſuppoſe the = 
Revolutions, but eſpecially the outermoſt, + to be 
Parallels; which is ſufficient for common Uſe, and 


FouRTHLY, The two polar Circles, the Arctick 
and Antarctick, which have been explained in our 
VII and XVIII Le&ures. Theſe Things we have 
here mention'd, are common to both Globes, tho 
the Ecliptick and the Semicircle of Poſition do 
properly belong only to the celeſtial Globe; yet 
they are put upon the terreſtial Globe alſo, that 
the Phenomena, which depend upon the Motion 
of the Sun, and the Points or Cuſps of the Houſes, 
may 'be thereby explain'd, if needful. 

THosE Things which are peculiar or proper 
to one Sort of Globe, are partly ſome Circles or 
curve Lines; as in the celeſtial Globe, the two Co- 
lures, and the Circles of Latitude; in the terreſtrial, 
the Meridians, Parallels and Rhumbs: partly the 
Repreſentations in the terreſtrial Globe, of Seas, 
Iflands and Countries, which we leave to the Geo- 
graphers to deſcribe. In the celeſtial Globe the Fi- 
gures of the Conſtellations are painted, and the Stars 
repreſented in the ſame Order, Magnitude and Po- 
ſition, they have in the Heavens. Theſe we have 
enumerated in our VI. Lecture. 


HaviNns:- 
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HAvIN oO deſcribed the Globes, we come now Lecture 


385 


to ſhew their Uſe, which is manifold ; but for our XXX. 


preſent Purpoſe, it is chiefly contained in the follow- {WWW 


ing Problems. 
PROBLEM I. Having a Place in the terre- 
ftrial Globe, to find its Longitude and Latitude. 
TURN the Globe till the Place comes to the Me- 
ridian (I mean to the Eaſtern Side of the Braſs Me- 
ridian) ; and the Degree of the Æquator, which is 
then under the Meridian, whatever Number it is 
mark'd by, ſhews the Longitude of the Place; 
then upon the Meridian, count up from the Æqua- 
tor the Degrees mark'd, till you come to the Place, 
and you have the Latitude; which will be North 
Latitude, if the Place be on the North Side; or 
Southern, if it lies upon the Southern Side of the 
Equator. 
PROBLEMII. Having the Longitude and 
Latitude, to find out the Place on the terreſtrial Globe, 
to which they belong: Seek in the Aquator the De- 


the Meridian; then count from the Æquator on the 

Meridian, the Degree of Latitude given, towards 

the Arctick or Antarctick Pole, according as the 

Latitude is either North or South, and under that 

22 of Latitude lies the Place that was to be 
und. 

PROBLEM III. To 7417 both Globes, and 
ſet them to a given Latitude or Elevation of the Pole; 
and to apply the Quadrant of Altitude to the Vertical 
Point ; and to place the Globes according to the Points 
of the Compaſs, by 48 the Needle. If the Lati- 
rude of the Place be North, raiſe the Arctick Pole 
above the Horizon; but for a South Latitude, 
you mult raiſe the Antarctick: Then from the ele- 
vated Pole, count upon the Meridian towards the 


Horizon, the Degrees of the Poles Elevation; 


and that Point where the Reckoning ends, bring 
to the Horizon, and then the Globe is adjuſted to 
a due Elevation. Count from the AÆquator on 
the Meridian the Latitude required, and there 
will be the Vertex of oe Place, or the * 

c 0 


gree of Longitude that is given, and bring it to 
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Lecture To this Point of the Meridian faſten the Quadrant of 
XXX. Altitude, with the Screw that is at the End of it, 
so chat the Edge of the Quadrant, which is divided 
into Degrees, ay be join'd to this Point. Laſtly, 
Turn the whole Frame in which the Giobe is with 
its Pediment, till the magnetick Needle lie in the 
Plane of the Meridian, ſo that the North Point of 
the Horizon of the Globe be tarn'd Northwards; 
then will the reſt of the Points on the Horizon of 
the Globe agree with the correſponding Points of the 
Horizon of the Place. 
PROBLEM IV. Ty find for any Day of the 
Tear the Degree or Place of the Sun in the Ecliptict, 
by the Help of the Kalendar, and the Circle of Signs 
adjoind; and then to mark it upon the Eclipticł. 
Seek in the wooden Horizon, the Month and Day 
gen; but take care to diſtinguiſh the Julian and 
regorian Kalendars, that you may not 'miſtake the 
one for the other: Then in the innermoſt Circle, 
which is the Circle of Signs, over-againſt the Day, 
you will ſee the Degree and Sign in which the 
Sun is that Day. In the Ecliptick which is drawn 
upon the Surface of rhe Globe, ſeek firſt the Sign, 
and then the Degree of the Sun's Place. The Place 
of the Sun is more accurately found out by an Ephe- 
meris, which is made for each Year, or elſe it may 
be calculated by 4ſtronomical Tables. 
PROBLEM V. Tofindtheright Aſcenſion and 
Declination of the Sun, or any Star; and by that Means 
to adjuſt the Hand which goers the Hours to the twelfth 
Hour. Bring the Sun's Place in the Ecliptick, found 
by the laſt Problem, to the Meridian, and mark the 
Degree of the Æquator which is then under the 
Meridian, that will be the right Aſcenſion of the 
Sun: Then compute from the Equinoctial on the 
Meridian, the Number of Degrees to the Place of 
the Sun; they will ſhew the Sun's Declination, which 
will either be North or South, as the Sun is on this 
or the other Side of the Æquator. When the Place 
of the Sun is in the Meridian, turn the Hour-hand 
5 till it comes to the twelfth Hour at 
Noon. After the ſame Manner bring the Place of 
any 
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any fixed Star to the Meridian, and you ſhall find Lecture 
its right Aſcenſion on the —_— and its De- XXX. 
aving the Place f 


clination on the Meridian. 
the Sun, we ſhew'd how to find its right Aſcen- 
ſion and Declination by Trigonometry in our XIX. 
Lecture. 

PROBLEM VI. To find the Meridian Alti- 
tude of the Sun, or any fixed Star, by a un fa 
any other Inſtrument fit for the Purpoſe. e ſhew'd 
the Method of obſerving the Sun's or a Star's Altitude 
in Lecture XIX. 

PROBLEM VII. Having the Declination and 
Meridian Altitude of the Sun, or of a fixed Star, to 
find the Latitude of the Place or Height of the Pole 
above the Horizon. The Method of finding the 
Latitude by Obſervation was likewiſe explain'd in 
Lecture XIX. 

PROBLEM VIII. Having the right Aſcen- 
fron of the Sun, and of a fixed Star, to find the Time 
when the Star culminates or comes to the Meridian. 

SUBTRACT the right Aſcenſion of the Sun 
from the right Aſcenſion of the Star, adding, if 
needful, 360 Degrees; and there will remain the 
Arch of the Æquator, that has paſſed the Meridian 
between Noon and the Time of the Culmination : 
Turn this Arch into Time by dividing the Degrees 
by 15, and the Quotient gives the Hours; then 
multiply the remaining Degrees by 4, and you have 
the | f Shen and likewiſe divide the Minutes, 
which are the Parts of Degrees, by 15, and the 
Quotient gives the horary Minutes: And if there be 
any Minutes of Degrees remaining after the Divi- 
ſion, multiply them by 4, and you have the horary 
Seconds: The Time made up of theſe Hours, Mi- 
nutes and Seconds, ſhews the Moment of the Cul- 
mination of the Star. 

PROBLEM IX. Having the Place of the Sun, 
or any Star, to find its oblique Aſcenſion and De ſcen- 
ſion ; as alſo its Eaſtern and Weſtern Amplitude. 
Bring the Place of the Sun or Star to the Horizon 
in the Eaſt, and mark the Point of the AÆquator 
that riſeth with it; it will be its oblique Aſcen- 

Cc 2 ſion : 
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Lecture ſion: Then count from the Point of Eaſt upon the 
XXX. Horizon, to the Place of the Sun or Star; the 
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degrees intercepted will be the Eaſtern Amplitude. 


If you bring the Place of the Sun or Star to the 
Weſtern Side of the Horizon, the Degree of the 
uator which goes down with it, is the oblique 
Deſcenſion; and the Arch of the Horizon between 
the Weſt Point, and the Place of the Sun or Star, is 
the Weſtern Amplitude. 
THE Trigonometrical Solution of the Problem is 
this: Let HPOP be the Meridian, A Q the 
Equator, P the Pole, S the Sun, or Star in the Ho- 


Ta. xx vll. TiZon, whoſe DeclinationisS R; or the Point of Eaſt 


Fig. 2, 


or Weſt. In the right-angled Triangle or RS, we 


have the Side RS the Declination of the Sun or Star, 


and the Angle Ror 8, which the ÆEquator makes 
with the Horizon, and is equal to the Complement 


of the Latitude; whence we ſhall find the Arch or R, 


which is the Aſcenſional Difference of the Sun or 
Star; which, added to the Right Aſcenſion, or ſub- 
tracted from it, according as the Sun or Star is 
towards the depreſſed or elevated Pole, gives the 
oblique Aſcenſion. We ſhall have moreover in the 
ſame Triangle, the Arch or S, the Amplitude of 
the Sun or this: The Aſcenſional Difference added 
to a Quadrant, or ſubtracted from it, according as 
the Sun or Star is towards the elevated or depreſſed 


Pole, gives the Semidiurnal Arch; which being turn- 


ed into Time, ſhews the Time of half the Stay of 
the Sun or Star above the Horizon. 
PROBLEM X. Having the Aſcenſions of the 
Sun or Star, both Right and Oblique, to find the half 
Time f their Stay above the Horizon : As alſo the 
Length of Day and Night, and the Time of Sun-riſing 
and ſetting, Take the Difference of the Oblique 
and Is Aſcenſion, and we ſhall have the Af- 
cenſional Difference: Convert it into Time, as 
we ſhew'd in the VIIIch Problem, which, when the 


Sun or Star declines to the elevated Pole, is to be 


added to fix Hours ; but if to the depreſſed Pole, it 
is to be ſubtracted from fix Hours; and we ſhall 
have half the Time of the Stay of the Sun or Wor 

| above 
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bove the Horizon: And its Complement to 12 Lecture 
Hours, is half the Time ir abides under the Horizon. XXX. 
Half the Time of the Sun's Stay above the Horizon 
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being computed from Noon, gives the Time of Sun 
' ſetting; and half the Time of the Sun's Stay un- 

der the Horizon, computed from Midnight, gives 
the Hour of the Sun's riſing; and the half Time 
of the Sun's Stay above the Horizon being doubled, 
gives the Length of the Day ; and the half Time of 
the Stay below the Horizon doubled, gives the 
Length of the Night. If you put the Hour-hand 
to the 12th Hour, when the Place of the Sun is 
in the Meridian, and turn the Globe round, till the 
Place of the Sun comes to the Eaſtern Side of the 
Horizon, the Hand will point out the Hour of Sun- 
riſing: Bring it to the Weſtern Side of the Hori- 
zon, and the Hand will ſhew the Time of Sun-ſer- 
ing; from which it is eaſy to compute the Length 
of Day and Night. 

PROBLEM XI. Having the Time of the Cul- 
mination of a Star, and of its half Stay above the 
Horizon ; to find the Hour of its riſing and ſetting. 
If from the Time of the Star's Culminacion, you ſub- 
tract the Time of the half Stay above the Horizon , 

ou will have the Hour wherein the Star riſeth : 
f you add that Time to the Time of the Culmi- 
nation, you ſhall have the Time of the Star's ſet- 
ting, which in both Caſes is computed from Mid- 
Day. Or if, when the Place of the Sun culminates, 
you bring the Hour-hand to the 12th Hour, and 
then turn round the Globe, *rill the Star comes to 
the Eaſtern or Weſtern Side of the Horizon, the 
Hand will point to the Hour of the Riſing or Set- 
ting of the Star. 

PROBLEM XII. To find the Degree of the 
Ecliptick, which riſes or ſets with a given Star; 
and from thence to determine its Coſmical and Achro- 
nical riſing and ſetting. Bring the given Star to the 
Eaſtern or Weſtern Side of the Horizon, and mark 
what Degree of the Ecliptick riſes or ſets with it; 
then in the wooden Horizon look for that Sign 
and Degree which roſe or ſet with the Star ; and 

LSE De; over- 
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Lecture ovyer-againſt it in the Kalendar, you will find the 
XXX. Month and Dey of the coſmical Riſing of the Star. 
| WY And if you look in the ſame Horizon, the Point op- 
lite to the riſing Point; over-againſt it in the Ka- 
endar, you ſhall have the Month and Day of its 
coſmical Setting. So likewiſe, over-againſt the De- 
gree that ſets with the Star, you will find the Day 
and Month of the achronical Setting ; and the oppo- 
ſite Degree will ſhew in the Kalendar the Day and 

| Month of the Star's achronical Riſing. 
| Ta.XXVII, THE Trigonometrical Solution of the Problem is 
| Fig. 3. this: Let HO be the Horizon, HZ O the Meri- 
3 dian, Q the Æquator, E C the Ecliptick, Y the 
| Point of Interſection of the Equator and Ecliptick ; 
A the Point of the Ecliptick which riſes with the 

{ 


Star; and the Point of the Æquator which riſes with 
the Star, ſuppoſe to be o r. In the Triangle Y or 
A, we have For the oblique Aſcenſion of the 
Star; and the Angle V, the Inclination of the Aqua- 
tor and Ecliptick; and the Angle Y o r A, the 
Height of the Æquator above the Horizon, or its 
Complement to two right Angles. Hence we ſhall 
find the Arch of the Ecliptick F A, and the Point v 
of it A, which riſes with the Star. But by the le 
Kalendar, or an Ephemeris, we have the Time when v 
the Sun is in that Point; and therefore, we have t 
the Time when the Star riſes coſmically; we have C 
E Þ 

] 

| 


likewiſe the Angle Y A or the Angle of the Eclip- 
tick and the Horizon at the riſing Point. When 
| the Sun is in the. Point oppoſite to the Point A, 
| then the Star riſes achronically: And by a like 
| Calculation, we ſhall find the Time when the Star 
ſets coſmically or achronically, 
| PROBLEM XIII. Having the Latitude of 
1 the Place, and the Degree of the Ecliptick which riſes 
or ſets with the Star, to determine the heliacal Riſing 
or Setting of a Star. Bring the Star to the Eaſtern 
Side of the Horizon, and turn the Quadrant of 
| Altitude round to the Weſtern Side, till it cut the 
Ecliptick in the twelfth Degree from the Horizon, 
ö on the Quadrant of Altitude, if the Star be of 
the firſt Magnitude. Then mark the Point of the 
Ecliptick, 
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Ecliptick, where the Quadrant interſects it; that Lecture 
Point, when the Star riſes, is twelve Degrees high XXX. 
above the Weſtern Horizon, but at the ſame time: 
the oppoſite Point is twelve Degrees below the 
Eaſtern Horizon: Look that Point in the wooden 
Horizon, and over-againft it you will find the 

Month and Day when the Sun enters that Point of 

the Ecliptick, which is the Day of the Star's riſing 
heliacally ; when it begins to get ſo far from the 

Sun's Beams, that it may be ſeen in the Morning 

before Sun-rifing: but if you would know the 
heliacal Setting, bring the Star to the Weſt- ſide of 

the Horizon, and turn the Quadrant of Altitude to 

the Eaſt fide, till the twelfth Degree of it from the 
Horizon cuts the Ecliptick, and mark that Point 

where it interſects the Ecliptick ; the Point oppoſite 

to this, is ſo many Degrees depreſs'd under the Ho- 

rizon at the Weſtern Side; and if we find, in the 
wooden Horizon, the Month and Day when the Sun 

comes to that Point, we ſhall have the Time of 

the heliacal Setting. 

By Trigonometry the Problem is thus to be ſol- Ta. xXvII. 
ved: In the Figure of the preceding Problem, Fis. 3: 
let A be the Point of the Ecliptick, which riſes 
with the Star: And ſuppoſe the Sun in the Eclip- 
tick at O, fo that the Arch OR of the Circle 
of Depreſſion may be 12 or 13 Degrees, according 
as the Star is of the firſt or ſecond Magnitude. 
In the right-angled Triangle AR ©, we have the 
Angle RAO, the Angle of the Ecliptick and Ho- 
rizon, and the Side R O,; which is 12 or 13 De- 
grees: Hence we ſhall have the Side A ©, which, 
added to Y A, gives the Arch V O, and the Point O, 
which che Sun muſt be in when the Star riſes he- 
liacally. In the ame Manner, we may find the 
Time of the heliacal Setting. | 

PROBLEM XIV. Having the Latitude of 
the Place, and the Place of the Sun in the Ecliptich; 
to find the Beginning and End of Twilight, Rectify 
the Globe for the Latitude of the Place by Problem 
third, and put the Hour-Hand to the twelfth 
Hour, the Sun's Place being in the Meridian; 

Cc 4 then 
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Lecture then take the Point of the Ecliptick 3 to 
XXX. — 1 _ * — this Globe We „ as 
Alco the rant titude, till the Point o | 
; fite to the Sun's Place, cut the Quadrant of Ari. | F 
tude in the 18th Degree above the Horizon : The 
Hour-Hand will ſhew the Time of Dawning in the 
Morning. But if you take the Point oppoſite to 
the Sun, and bring it to the Eaſtern Hemiſphere, 
and turn it till it meets with the Quadrant of Al- 
titude in the 18th Degree, the Hand will ſhew the 
Hour when Twilight ends in the Evening. The 
en aan Solution of this Problem is in Lecture 
PROBLEM XV. Having the Latitude of the 
Place, and the Place of the Sun, if we have beſides 
any one of the three following Things, viz. The Hour 
of the Day or Night, or the Altitude or Azimuth 
| of the Sun or aStar ; to find the other tuo. Rectify 
the Globe for the Latitude given, and bring the 
Place of the Sun to the Meridian; and the Hour- 
Hand to the Twelve o' Clock Hour: Then if the 
Hour be given, turn round the Globe till the Hand 
points to it, and bring the Quadrant of Altitude 
to the Place of the Sun or Star; you will ſee in 
the graduated Edge, the Degree of Altitude; and 
where the Quadrant interſects the Horizon, there 
ou will find its Azimuth, to be counted from the 
nterſection of the Meridian and Horizon: But if 
the Altitude be given, turn the Globe with one Hand, 
and the Quadrant of Altituqe with the other, till 
the Place of the Sun meet with the Quadrant at 
the given Altitude; then the Hand will point to the 
Hour; and the Interſection of the Quadrant and 
Horizon will ſhew the Azimuth. But if the Azi- 
muth be given, turn the Quadrant till it interſects 
the Horizon at the given Azimuth, and there keep 
it fixed; but turn the Globe, till the Place of the 
Sun or Star meets with the Quadrant, and the De- 
grees upon the . N will give the Altitude, 
and the Hour-Hand will point to the Hour. 


TRE 


j 


FT 


TRE Problem is ſolved Trigonometrically thus: Let Lecture 
HO be the Horizon, HP O the Meridian, A Q XXX. 
the Aquator, Z. the Vertex or Zenith, P the LEW II 
Pole, S the Sun or Star, whoſe Diſtance from the Ta, XXVII 
Vertex is Z 8, and SP the Complement of Decli- Fs: 4 
nation, or its Diſtance from the Pole. Becauſe we 
have the Right Aſcenſions of the Sun and Star, we 
have the Difference of their Right Aſcenſions; which 
being turned into Time, will ſhew the Time of 
the Culmination of the Star; and the Arch which 
meaſures the Angle E P'S, being turned into Time, 
will give the Hour of the Night. Now in the Tri- | 
angle Z. PS, having Z P the Diſtance of the Zenith S 
from the Pole, and PS the Complement of the De- q 
clination of the Star; if I have, beſides theſe two, 1 


— ———— — EY 
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the Angle P, which the Hour gives, we can from 
them find the Angle Z, which ſhews the Star's Azi- 
muth, and the Arch Z S the Star's Zenith Diſtance, 
which will ſhew the Altitude. Or if we have the 
Arch Z 8, we ſhall find the Angle P, and by that 
the Hour of the Night; as alſo the Angle PZ. S 
the Azimuth. Or it we have the Angle PZS, 
we can from thence find ZS the Complement 
of the Altitude, and the Angle Z PS, which 
will give the Hour. By the ſame Method, hav- 
ing the Altitude of the Sun, which we take 
by an Obſervation; and his Declination, which 
is known by Tables, from his Place in the Ec- 
liptick; we can find the Angle A PS, which 
on into Time, will give the Hour of 
RG R L E M XVI.* Tb find the Diſtance be- 
tuen to Places on the Surface of the Terreſtrial 

Globe. 
LE x us, for Diſtinction- ſake, call one of the 
Places the firſt, and the other the ſecond. Recti- 
fy the Globe, for the Latitude of the firſt Place, 
and bring it to the Meridian, and there fix the 1 
Globe with the Quadrant of Altitude to the Ver- , 
tex, and turn the Quadrant till its graduated Edge © 
paſs through the ſecond Place: Then count. the 
— of Diſtance, from the Vertex to the Rene 
ace, 
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Lecture Place: And the Arch of the Horizon intereepted 
XXX. between the Meridian and Quadrant will give you 

the Angle of Poſition. | 

Ta. XXVI, By 1 we thus proceed: Let AQ 


Fig. 5. 


be the Æquator, P the Pole, 8, s two Places, whoſe 
Complements of Latitude are PS and PS; and 
becauſe their Longitudes are given, we have their 


Difference of LN which is meaſured by 


the Angle SPs: Therefore in the Triangle SP s, 
we have the Sides 8 P, s P, with the Angle 8 PS: 
by them we can find Ss in Degrees and Minutes, 
which being converted into Miles, allowing 69 
Engliſh Miles for each Degree, we ſhall — 
their Diſtance in Miles. e can alſo ſind the 
Angles PSs and Ps 8, which are the Angles of 

Poſition. a 
In the ſame Manner in the Heavens, if we have 
the Right Aſcenſions and Declinations of two Stars 
or their Longitudes and Latitudes, we ſhall fin 
their Diſtances. 12 
PROBLEM XVII. For any Time and Place, 
to erect the Theme or Scheme of the Heavens. Re- 
ctify the celeſtial Globe for the Latitude of the 
Place. If you have not a celeſtial Globe, a ter- 
reſtrial will do. Take the Place of the Sun for 
the given Time, and bring it to the Meridian, 
and the Hour-hand to the twelfth Hour; then 
turn the Globe, till the Hand ſhews the given 
Hour: Or, if you like to be more accurate in 
your Work, to the Right Aſcenſion of the Sun, 
add ſo many Degrees and Minutes, as the Time 
from Mid-day requires, for every Hour counting 
15 Degrees, and for every four Minutes a Degree, 
rejecting, if it exceeds it, 360 Degrees ; ſo by 
this you will have the Right Aſcenſion of Mid- 
heaven, or the Degree of the Equinoctial, which 
then culminates, which is to be placed under the 
Meridian. Then faſten the Semicircle of Poſition 
to the Meridian, at the Points of South and North 
in the Horizon. From the Point of the Æquator 
culminating, count on the Æquator 30 Degrezs 
| aſt war J, 


LECTURES. 


Eaſtward, and bring the Semicircle of Poſition Lecture 
to the 3oth Degree, and obſerve in what Degree XXX. 
this Semicircle cuts the Ecliptick ; that will be 


the Cuſp of the eleventh Houſe, which muſt be 
ſet down on Paper. Again, move the Semicircle 
of Poſition to the Goth Degree of the Equino- 
Ctial from the culminating Point, and mark where 
it cuts the Ecliptick, and you have the Cuſp of 
the twelfth Houſe, which is likewiſe to be writ 
down. Bring the Semicircle of Poſition to the 
Weſtern Side, and count thirty Degrees from the 
culminating Point; and letting the Semicircle paſs 
thro' that Point, obſerve where the Semicircle cuts 
the Ecliptick ; that will be the Cuſp of the ninth 
Houſe. Then count from the culminating Point 
again Weſtward 60 Degrees, and the Semicircle 
of Polition, paſſing thro' that Point, will cut 
the Ecliptick in the Cuſp of the eighth Houſe : 
And the Meridian cuts the Ecliptick in the Cuſp 
of the tenth Houſe. And the Place where the Ho- 
rizon Eaſtward cuts the Ecliptick, is the Cuſp 
of the firſt Houſe, or the Horoſcope ; and the Welt- 
ern Side of the Horizon ſhews in the fame Eclip- 
tick, where it cuts it, the Cuſp of the ſeventh 
Houſe: And as it is diametrically oppoſite to the 
firſt; ſo is the ſecond to the eighth; and the 
third to the ninth ; the fifth to the eleventh; and 
the ſixth to the twelfth. | 

PROBLEM XVIII. Having erected the 
Theme, to direct any Point to any other Point, To 
a Planet or Aſpect aſſign its Place in the Zodi- 
ack, according to its Longitude and Latitude; and 
chuſe any Planet or Degree of the Ecliptick, 
which you would direct, and which, for Diſtin- 
ction fake, we will call the firſt Place; and the 
Place to which you would direct this firſt Place, 
call the ſecond; then thro” the firft Place, which 
uſed to be called the Significator, draw the Semi- 


Circle of Poſition, and mark that Degree in which 


it cuts the Æquator; then, keeping the Semicir- 
cle in the fame Polition, turn the Globe Weſt - 
ward, 
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Lecture ward, till the ſecond Place arrive at it; and then 
XXX. again obſerve where the EquinoQial is cut by the 
aid Semicircle. Subtract the Degree firſt obſer- 


ved, from the Degree obſerved in the ſecond; 
adding, if need be, 360 Degrees; the Remainder is 
the Arch of Direction, which was to be found. 


r 


Which ſheweth where the Terms and 
Words uſed in Aſtronomy are explain- 
ed in this BOOK, 


A. 
7 BSIDS, See Apſides. 

Sh Achronical riſing, Pag. 222 

\ ZEquation, what, 285 

ere greateſt, ibid. 

LEquation of Time, 31 

LEquation of Time, when greateſt, 

322 

The Equator or Eęuinoctial, 63, 208 
LEquator's Secondaries, 74, 209 
Equinotties or Equinoctial Points, 269 

Era, or Epocha, | 36 

Table of remarkabl Zra's, 368 
Altitude of the Pole, 217 
Of a Star, 6, 223 

the Earth's Shadow, 120 

Of the Moons Shadow, ibid. 
Amphiſcii, | 212 
Amplitude, Eaſtern and Weſtern, 214 
Amplitude of the World, 7 
1 


5 Sigus, 
Angles, their Meaſure, 
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Method of obſerving, Pag. 5 
The Angle under which the Sun would appear, ſeen 
om a fixed Star, 37 
e Angle of Commut ation, 340 
Twe Angle of the Ægquator and the Ecliptick, 209 
| Of the 15 liptick and Meridian, 226 
OF he Echptick and the Horizon, 267 
of the E clarick and Vertical Circle, or the Par- 
allactick Angle, 267 
Anomaly, the Mean, 86 
The True, 87 
Of the Eccentrick, 288 
Amomaliſtical Tear, : 272 
The Antarctic Circle, — 70, 209 
The Antecedentia, « Motion, 79 
Antipodes, 211 
Antceci, ibid. 
Aphelion, 85 
Apogeon, 100 
Its Motion, | 102 
Apparent Diameters, 6 
Of the Sun, 82, 277 
Apparent Diameters of the Moor's Shadow and Pen- 
umbra, 125 
Of perpetual rw; the Circle, 220 
des, 85 
The Arcticł Circle, 70, 209 
Area's or Elliptick Spaces equably deſcribed, 86, 
278, 280 

Argument of Latitude, 340 
Ariſtarchus, his Problem to find the Sunꝰs Diſtance, 261 
Aſcenſion right, 210 
' Aſcenſion oblique, 220 
Aſcenſional Difference, ibid: 
Aſcii, or Shadowleſs, 213 
Aſpet, Quadrate, or Quadrature, 93 
Aſtronomical Tables, 339 
Aſteriſins or Conſtellations, 48 
Atmoſphere, its Advantages, 232 
Its Height, | 236 
' The Cauſe of Twilight, 233 
Of the fen. 240 
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Axis of the Earth z. 62 
7 Paralleliſm, Ba 
Axis of the Ecliptict, 73 

Conſtellations, their Names, 48, 49,50 

Aximuths, 1 214 

Biſſextile Year, | 6 
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Bullialdus, his Correction of 8 Hypotheſis, 306 
The Calculation of the Geocentrick Place of a Planet, 


340 

Cardinal Points, 67 
The Circle terminating Twilight, 236 
Circles, their Diviſion into Degrees and Minutes, 4. 
The Circle bounding Light and Darkneſs, 65 
Great Circles in the Sphere, 206 
Leſs Circles, ibid. 
The Circle of perpetual Occultation, 220 
Of Viſion, 92 
Climates, 220 
Colure of the Equinotties, 210 
| Of the Solſtices, ibid. 
Comets, a Sort of Planets, 189 
Their Courſe in the Heavens, 197 
Their Figure, 195 
Their Motion, 198 
They demonſtrate the Neceſſity ofa Vacuum, 203 

The true Form of their Orbits, 8 198 
Their Parallaxes, 192 
Their Tails, 203 
Commutation, 340 
Conjunction of the Sun and Moon, 93 
The Conical Shadow, 111, 116 
Its Height, 120 

Its Angle, 116 
Conſtellations, their Names, &c. 48,49, 50 
Copernicus, his Prophecy, 163 
Coal riſing, 222 
Crepuſculum, or Tw:light, 233 
Where ſhorteſt, &c. 239 

Its different Durations, 238 

Its Beginning and Ending, 24.0 
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Culmination, «what, 
Curtate Diſtance, | p 
Cycle, of the Moon, or the Metonick Cycle, 

Cycle of the Sun, | 
Cycle of Indictions, 


Days Natural and Artificial, 


Days being longer than Nights, the Cauſe of hot 9 


ther, 5 3 88 
The Inequality FA Days, | 314 
The longeſt and 110 Days when the * happen, 326 


Declina tion, 210 
The Declination 7 the Sun, how obſerved, 225 
Delineation of the Moon's Phaſic, 94 
Diameters apparent, 6 
Of the fixed Stars, 77 
Of the Sun greater in Winter than in Summer, $2 
Diameter of the Moon's Shadow, 22 
of the Penumbra, ibid, 
Of the Earth's Shadow, ibid. 
Diameters of the Planets, 344 
Dichotomy of the Moon, 93 
Dionyſian Period, 376 
Disk of the Eartb, 128 
Diſtance of the Sun how to be found, 259 
Diurnal Motion of the Sun in the Ecliptick, 272 
Dominical Letters, 369 
Dragon's Head and Tail, N 99 
Earth, its Annaal Motion, 60 
Poles, 63 
Diſtance from the Sun, 266 
Rotation round its Axis, 64 
Eclipſes explained, 109 
Eclipſes of the Moon, when they happen, 111 
O7 the Sun, when, 112 
Eclipſes total, central, partial, | 113 
Eclipſes annular, 121 
Eclipſes of the Earth, ibid. 
Eclipſes, their Limits, 124, 132 
Ecliptick, 60, 207 
Its Secon lar es, 37 207 
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Obliquity, | „ 
Axis and Poles, 1 73 
Elevation of the Pole equal to the Latitude of the 
Place, h 217 
Ellipfis, its Deſcription, 84. 
Elliptical Orbits 7 the Planets, | 84 
The Diviſion of the elliptick Area, 287 
Elongation of the Moon from the Sun, 94 
Embolimean Months, 2 
Epocha or Ara, 365 
Eccentrick Circle, 83 
Eccentricity, 85 


Eccentricity of the Moon's Orbit changeable, 102 
Eccentricity of the Planets Orbits, how found, 335 
F. 


Feaſts moveable, 372 
Fixed Stars, fiery Bodies and Suns, 39 
Their Diſtinctions and Orders, 47 
Their Number, 54 

' * Their Catalogues, SI 
Apparent Diameters, 37 
Diſtances, 36 
Right Aſcenſions, 227 
Declina tions, 225 
Longitudes and Latitudes, 229 
Riſings and Settings, 222 


Fixed Stars, their Longitude, Increaſe, or their ap- 


parent Motion Eaſtward, 80 
Foci, or the Navel Points of an Ellipſe, 8 
G. | 

The Galaxy or Milky Way, 50 
Geocentrick Place off a Planet how found, 341 
Geocentrick Latitude, 166 
Globes, their Deſcription and Uſes, 381 
Gyration of the Earth round its Axis, 63 
Harmony obſerved between the Diſtances and Periods 

of the Planets, 33> 341 
Heavens, they are not fluid, 202 
Their Matter corruptible, 55 


Heavens divided into Regions, 49 
Heat why not greateſt when the Sun is in the Summer 
D Trofict, 
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Tropic t, 
Hegeira, the Turkiſh Ara, 2 
Heliocentrich Place, "our 
Heljocentrick Latitude, n 


eliacal Rifing and Setting, 


parchus firſt compoſed a Catalogue of. the Hed 


Stars 
| . Problem for the Parallax of * Suns 28 
Hours, equal and unequal, or Planetary 386 
Horary Circles, * 4 \ 
Horizon, ſenſible and rational,  \ 213 
Horizontal Parallax of the Moon, 123 


* „err n 


J. 

Tefdegird, the Perſian Era, b 
Images, or Conſtellations of the Antients, a0 

Inequalities of the Moon, 8 
The 1 owt Bi of the Planets Orbits td the Plane 
of the Ecliptick how fqund, 8 330 
upiter, the Planet, 6 2 1 5 
upiter, his Satellits or Moons, 11 

upiter s Belts and Spots, 

upiter's Rotation round 1 An 


Kalendar, 
epler's elliptict Theory, 
epler's Problem, 


atitude of a Star, 
Lorie of the Mo 
titude o the ey 
Latitude, how obſerved, 
itude, 7 and heliccentrick, 
12 itude of a Place, * 
Longitude, how to he obſerved, 
Longitude of a Star, 
ongitude of the Stars, how found, 


bt, its Motion demonſer 
25 — of the Mqon, . 


1 of the Planets, 
ars, the Planet, 


Mars, his — double of the Suns Feralas 263 
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Mean Diſtance, | 
Merevity, one of the Planets, 
Meridian, 4 Circle of the Sphere, 
Univerſal Meridian, 
Meridian Line, how drawn, 


Differences of Meridians, or of Longitude, 


I- way, 
Month, © | 
Months, ſynodical and periodical, 
Mdon, an Attendant on the Earth, 
Its Apogeon and Perigeon, 
Diurnal Motion from the Sun, 
Elongation from the Sun, 
Irs Face as drawn by Aſtronomers, 
Its Spots, Mountains and Cavities, 
Its Libration, 


Illumination, and its Quantity, 
Its Light in total Eclip 


es, 
Its Nodes, 
10 Shadow, 
It Diſtance from the Earth, 
Variation, | 


Motion, how viſible, 

Motion of the Apogeon. 

Motions equable, why they appear unequal, 
Motion of a Ball falling in a Ship, 
Motion in. Longitude, 

Mean Motion, 

Motion of the Planets round their Axes, 


N. 
Nadir, or the Vertical Points 


Neu Moon, 
Nodes, and the Lines of Nodes, 


Nonageſimal Degree of the Ecliptick, 
Northern 2 * 


Ob Aſcenſion 

Oppoſition, 

Orthographica! Projegion, 
Dd3 
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Parallel Cir cles, een W pag- 206 
- Parallels and Climates, AI 'b 6: OB2T. * 
Paralleliſm of the Earth's Axis, 66 g 
Parallax of the Starr. 445 | 
. Parallax of the Moon, 13237 150, 487 
Parallax of Altitude, 2446 
Of Longitude, | „ 449 
( Latitude, 290 
Parallax of the Annual Orlbz. 1238 
Parallax of the Sun, „ e Dai 44G; 
Penumbra, work tk 118 N 
"Penumbra, its Dimenſions, | 119 | 
Perigeon, <= $wi$ 2.31, TOO 
| Perihelion, „n / 
Periods of the Planets, T7 341 
Periſcii, | 213 
Periceci, + A 211 
Periods, Dionyſian, Julian, and Sot haical, 376, 379> 
| 7 
The Phaſes of the Moon, 92 
The Phaſes of Venus, 2 161 
Place Geocentrick and Heliocentrick,  _ 341 
Place, its Poſition on the Earth's Diet for any given 
k Time, 141 
Place of a Star reduced to the Ecliptick, - 207 
Planets or Wanderers, 21 
"Planets, their Order, | 22 
Opake Bodies, — 3 
They move round the Sun, 21 
Infer ior, 155 
Superior, 171 


Planets, Direct, Retrograde, and Stationary, 16 „178 
Planets, their Diſtances from the Sun, compared with 


their Periods,. 341 

Planets Motions, obſerved from the Earth, are irregu- f 
lar, 177 
Secondary Planets, 242 
Pole f the Ecliptick or Heavens, 73 
Poles of the Horizon, 213 
Oy the World, 63 


Polar Circles, 70, 209 
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Prece of LE quinotties, 80 
ks, mal of the Moon s Shadows ge" 
3 0 277 
nee or en whe 93 
ane, f the Tear, 1 8 . 271 
Radix, or Epocha, e 365 
Refraction, 0 240 
How to be obſer ved. 242 
., Retrogradation of the Nodes, 99 
Of the Planets, 8 169, 179 
Saturn, a Planet, 21 
Saturn, his Ring, Mar 
His Satellits, ibid. 
Signs Twelve, 60 
Selenographers 109 
The Ns int the Center: of our Syſtem, 23 
His apparent Motion, 61 
LE 3 Motion unequal, 272 
Sun's right Aſcenſion, Declination, and Longitude, 
bo to be found, 225 


The Sun turns round his Axis, 42 
Sun's Axis inclined to the Plane of the Ecliptict, +4 
Suns Spott, 


Spots of Jupiter, bt 
Solftices, 210, 2 
The Setting of the Stars Coſmically, Achronicolly, ay 
Heliacally, 221 
Spectator is in the Center of his oun lieu or Pro- 
ſte, 19 
Sphere Right, Oblique, and Parallel, 218, 219, 220 
Stars are Suns, 39 
Their Order and Bigneſs, 47 
New Stars 5 5 6 
Stars which appear Periodically, ibid. 
Stars unform 50 
Stars, their Catalogues, 51 
| Their Number, 54 
Stations, 169, 178, 345 
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Teleſcopes, their Advantages, pag. 8 
Theor 7 of the Earth's Motion, i 268 
Theory of the Planets, | 327 
Ti 89 Equation, | 312 

ts Parts, | 4 I5P 
Tyopicks, | = * 1 ; - 6 209 
Venus, a Planet, EI my a 215 15 
Venus, ſeen in the Sun, 297 
Venus, her Phaſes, 161 


Venus, her Brightneſs, | 3 
Her greateſt Elongation, " uf 
Her two Conjunctions with the an ibid. 


Viſion, how it is made, 101? 110% F 
Pertical Circles, 213 
Vortices in the Hea vent, 8 are none, 201 
A Year, Aſtronomical, Civil, Tropical or ge” 
361 

Lunar, moveable or fixed, 362 
Tear, Ægyptian, ibid. 
Gregorian, 264 
Julian, 363 


The great Canicular Tear, 365 
The great Tear, conſiſting of 2 5920 J ulian Years, 8x 


Zenith, 213 
Zodiack, | 207 
Its Breadth, ibid. 


Zones, five in Number, 212 
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